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Preface 


The  U.S.  Army  Medical  Research  and  Development  Coimand  (USAMRDC)  has  had 
a  long-term  research  interest  in  flaviviruses  because  of  their  demonstrated 
potential  for  causing  large  epidemics  of  serious  human  disease  in  many  parts 
of  the  world.  The  goal  of  this  research  has  been  to  protect  U.S.  personnel 
stationed  abroad,  as  well  as  to  provide  relief  to  major  foreign  populations 
suffering  from  endemic  disease.  Much  of  the  research  has  been  conducted  in 
Washington,  D.C.,  at  the  Walter  Reed  Army  Institute  of  Research  (WRAIR)  and  at 
the  U.S.  Army  Medical  Research  Institute  of  Infectious  Diseases  (USAMRIID) ,  in 
direct  support  of  and  in  close  collaboration  with  overseas  laboratories  in 
endemic  disease  areas  such  as  the  Armed  Forces  Research  Institute  for  Medical 
Sciences  (AFRIMS)  in  Bangkok,  Thailand.  In  addition  to  this  in-house  effort, 
USAMRDC  has  sponsored  a  contract-funding  program  for  extramural  research  that 
historically  has  emphasized  research  on  members  of  the  Flaviviridae .  The 
Centers  for  Disease  Control  (CDC) ,  the  World  Health  Organization  (WHO),  and 
the  U.S. -Japan  Panel  for  Cooperative  Medical  Research  have  also  contributed 
significantly  to  research  on  flaviviruses.  However,  it  is  generally  accepted 
that  both  existing  research  efforts  and  current  funding  programs  are  quite 
modest  in  light  of  the  magnitude  of  the  global  disease  problems. 

The  stimuli  for  conducting  an  International  Workshop  on  the  Molecular 
Biology  of  Flaviviruses  were  numerous.  First,  molecular  gene  cloning 
technology  has  opened  new  horizons  for  the  study  of  flaviviruses,  and  it 
seemed  prudent  and  practical  to  compare  notes  at  the  working  level  and  to 
prepare  others  for  the  ultimate  testing  of  gene-cloned  products  of  immunogenic 
potential.  Second,  the  time  between  observation  and  interpretation  of 
experimental  results  and  publication  in  an  international  journal  is  too  long 
for  anyone  wishing  to  stay  abreast  of  the  most  recent  developments  in  the 
field.  Further,  flaviviruses  represent  a  unique  group  of  agents  with  a 
replication  strategy  and  set  of  problems  for  the  researcher  that  are  quite 
different  from  Togaviridae.  This  fact  was  recently  recognized  by  the 
International  Committee  on  the  Taxonomy  of  Viruses  as  it  assigned  family 
status  to  Flaviviridae.  Finally,  the  number  of  investigators  in  this  area  is 
relatively  small  with  little  incentive  to  attract  the  fresh  approach  of  young 
investigators  into  this  field  of  slow-growing  and  low-titered  viruses, 
difficult  research  problems,  and  limited  prospects  for  research  funding. 
Although  funding  constraints  did  not  allow  travel  support  for  a  large  number 
of  students  or  junior  colleagues  to  this  workshop,  it  was  refreshing  to  see 
numerous  newcomers  to  the  field  as  both  spectator  and  participant. 


Flavivirologists  have  long  been  divided  by  discipline  into  those  whose 
primary  interest  is  in  the  laboratory  aspects  of  virus  research,  field 
ecologists,  epidemiologists,  and  the  entomologists  studying  the  natural 
vectors  of  these  viruses.  Most  successful  flavivirus  research  has  been  the 
result  of  a  team  effort  combining  the  efforts  of  each  of  these  subdisciplines. 
This  workshop  was  designed  to  emphasize  the  more  molecular  laboratory  aspects, 
since  all  facets  of  the  disease  problem  could  not  be  consolidated  into  a  small 
meeting  of  this  type.  It  is  hoped  that  these  other  aspects  of  Flaviviridae 
research  and  disease  control  will  become  the  subjects  of  future  workshops. 


As  this  booklet  of  proceeding  abstracts  is  being  readied  for 
distribution,  some  of  the  benefits  of  this  workshop  are  already  in  evidence. 
There  is  an  obvious  increase  in  the  research  interest  in  these  viruses  and  a 
significant  improvement  in  communication  between  investigators.  Both  in-house 
and  extramural  USAMRDC  investigators  have  adjusted  the  focus  of  their  programs 
and  have  made  numerous  friends  of  others  with  similar  interests  and  problems 
in  the  academic  virology  community.  The  workshop  sponsors  at  USAMRIID  and 
USAMRDC  would  like  to  take  this  opportunity  to  thank  all  participants  who  gave 
so  freely  of  their  time  and  recent  data  to  help  make  this  workshop  a  stimulat¬ 
ing,  scientific  experience. 


Joel  M.  Dalrymple,  Ph.D. 

Chief,  Department  of  Viral  Biology 
Virology  Division,  USAMRIID 
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TITLE: 


Medical  Importance  of  the  Flaviviruses 


THOR:  Thomas  P.  Monath,  M.D. 

'DRESS:  *Division  of  Vector-Borne  Viral  Diseases,  Centers  for  Disease  Control, 

P.O.  Box  2087,  Fort  Collins,  CO  80522-2087 
LEPHONE:  303-221-6400 

The  Flaviviridae  comprise  a  family  of  60  viruses,  of  which  27  cause  human 
disease  and  10,  including  7  mosquito-borne  and  3  tick-borne  viruses,  are  associated 
with  significant  morbidity  and  mortality.  Some  of  the  mosquito-borne  viruses, 
such  as  dengue,  yellow  fever.  West  Nile  and  Japanese  encephalitis,  have  wide 
geographic  distributions  in  subtropical  and  tropical  areas,  whereas  other  agents 
associated  with  mosquito  vectors  in  the  temperate  zone  or  with  tick  vectors 
have  more  restricted  distribution.  Only  4  flaviviruses  (Japanese  encephalitis, 
Wesselsbron,  louping  ill,  and  Israel  turkey  meningo-enccphalit is )  are  clearly 
implicated  as  veterinary  pathogens.  The  predominant  disease  patterns  produced 
in  man  and  domestic  livestock  may  be  classified  as  neuromorphic  (meningitis, 
encephalitis),  visceromorphic  (hepatitis,  hemorrhagic  fever),  or  pantamorphic 
(nondescript  febrile  illness,  febrile  exanthem,  etc.),  but  a  significant  degree 
of  overlap  exists  between  the  patterns  produced  by  individual  viruses.  In 
terms  of  global  morbidity,  dengue  leads,  with  between  several  hundred  thousand 
and  several  million  cases  annually.  Yellow  fever  and  Japanese  encephalitis 
follow,  being  responsible  for  thousands  to  tens  of  thousands  of  cases  per  year. 
Tick-borne  encephalitis  and  Kyasanur  forest  disease  cause  hundreds  to  several 
thousands  of  clinical  infections  annually.  All  of  these  diseases  are  under-reported. 
Case  -  fatal ity  rates  vary  widely,  but  may  be  as  high  as  20  percent  (yellow  fever) 
to  30  percent  (Russian  spring  summer  encephalitis).  The  encephalitic  infections 
jften  result  in  neuropsychiatric  sequellae,  further  increasing  the  burden  of 
uhesediseasesonsociety. 

The  pathogenesis  of  flavivirus  infections  is  incompletely  understood.  Both 
V i rus -spec i f ied  and  host-determined  factors  play  important  roles  in  disease 
expression.  Plasticity  of  the  viral  genome  and  variability  and  heterogeneity 
of  natural  virus  populations  will  be  discussed  again  in  this  symposium,  but 
there  is  abundant  evidence  for  circulation  of  virus  strains  with  varying  virulence. 
Flaviviruses  demonstrate  a  wide  spectrum  of  tissue  tropisms,  but  the  molecular 
basis  of  virus-cell  receptor  interactions  has  not  been  elucidated.  Genetic 
control  of  flavivirus  susceptabi lity/resistance  has  long  been  known  in  the 
mouse  model;  resistance  appears  to  be  associated  with  increased  production 
of  defective  interfering  particles,  but  again  the  molecular  mechanisms  involved 
remain  uncertain.  Immunosuppres s ion- recons t i tut  ion  experiments  have  shown 

both  ce 1 1 -med ia ted  and  humoral  responses  to  be  involved  in  recovery  from  primary 
infection,  but  antibody  probably  plays  a  predominant  role.  The  disease  state 
comprises  not  only  direct  viral  cytolysis  but  also  immunopa t ho  1 og ic  damage 
mediated  by  antibody,  complement,  and  lymphoid  cells.  A  clearer  definition 
of  the  immune  responses  to  flavivirus  infections  and  the  viral  antigens  specifying 
these  responses  is  critical  to  our  understanding  of  pathogenesis  as  well  as 
disease  prevention  through  vaccination  or  immunomodulat ion . 

Control  of  flavivirus  infections  is  still  oriented  largely  toward  reduction 
or  elimination  of  arthropod  vectors--an  approach  which  has  met  with  limited  successes 
in  the  past  but  promises  increasing  difficulties  in  the  future.  Antiviral 
chemotherapy  has  not  yet  provided  useful  leads  toward  the  control  of  flaviviral 
infections.  Vaccines  appear  to  be  within  reach  as  effective  means  for  control, 
and  represent  the  major  thrust  of  research  on  the  molecular  biology  of  these  agents. 

*Until  October  1985:  Gastroenterology  Unit,  Massachusetts  General  Hospital, 

Boston,  MA  02114  (617)  726-3766 
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St.  Louis  u  iitapiia  i  i  t  i (li.lj  viius  is  .the  etio!oj;ic  .ij;eut  for  a  .severe  encephalitis 
1  Liu  v’i-:rv  \nuiiy  aiii!  tiie  v<  r','  eld.  LA-  iiave  isi'i-iti-d  monocioiiai  tintibodies  (Mibs) 
yecil  ic  for  Liu  f,-y  1  vl  oj  r  o  tc  i . ;  M  SLi.  virus  (MSi-7),  and  used  them  to  analvze  the 
.itic/.nic.  structur..  cd'  -L.ni.--  ;  .i.ilein.  Seroloy/'c  rea.ct  i  vit  i  es  of  these  Mi\bs  were 
aitiaiiv  dc  ti.’ ri’i  i  ned  hv  c  r  o.- s- >-ua,  l  iv  i  t  v  indirect  iinniunof  luore.scence  assay  (IFA)  using 
strains  .u  .SLL  ■.iriis  ,i;;d  ei.’.iit  ril.ited  f  laviviruses .  Fotir  groups  demonstrating  type- 
u'ncomiile.K- ,  sui'c.roiip-,  and  i-oiip-snec  i  f  ic  patterns  were  ideittified.  Analysis  of 
em.i,;.;  1  ut  inat  i  on- inn  i  1.  i  t  i  on  nini  iieutrali.zut  ion  (N)  tictivity  subdivided  the  cross- 
eactivil',’  i'.roups  into  ei;ht  i.'pitopes.  The  t vpe-speci f ic  M\bs  could  detect  antigenic 
rift  among  SLL  virus  strains  isolated  from  various  geographic  regions.  Analysis  of 
ntigenic  reactivity  of  tiiese  epitopes  in  Immunoljlot  after  boiling  in  2%  SDS  and  3% 
-mercapLocthanoi  indtiated  that  all  but  Llie  E- 1  epitope  appetired  conf ormatlonally 
t.Lile'.  L.xpres.sion  of  these  epitepes'  on  tiie  surface  of  virus-infected  Vero  cells  could 
e  si,'par.ited  into  two  gruup.s.  The  fir.st  group  of  these  epitopes  could  be  detected  by 
L.\  on  uinixed  target  cells  at.  ei'.'ht  hours  post-infection.  Tin.'  second  group  was 
eLei..Li,ii  after  16  hours  pos  t  -  inf  ec  t  ion .  It  is  yet  unknown  whether  thi.s  differential 
■xp.  rt.:ss  ii.'n  i.s  due  tt'  protein  processing.  Competitive  binding  assay  (CBA)  with 
i.  pro.' en  i  at  i  VO  .MAhs  e.f  similar  binding  a.viclities,  indieated  that  the  g,lycoprotein  was  a 
ontinuum  of  s  i  .<  overlapping  doiaains. 

liu’  L-i'"  epitope  eucode-d  for  the  type-.spec: if ie  biologic  functions  of  hemagglutina- 
ioii  and  A.  1  n.  j  ec:  t  i  0[i  of  30  tig  of  atul-i.-!''  .‘‘i\b  protected  the  majority  of  mice  from  a 
Mhnl  tier  ipluTal  i.tiia  1  lenge  with  LOO  i .  n .  1.1),,,  of  Si.f.  virus.  Similar  level.s  of 

f  ■  dO 

irot'.a.tien  vrith  MAbs  specific  for  otlier  >.:i.n  t  I'pes  could  lie  atttiined  if  lOOO-fold  more 
',.'di  was  used.  Attempt.s  to  lilock  .N  or  protection  tuiditiLed  by  anti-L-l  ."ilAb  using  other 
L\[;s  tiiat  int<.’rfered  with  anti-L-l  M\h  binding  in  CB.A  were  unsuccess  ful  .  Enhancement 
a  nrotec  i  e'li  could  he  demonstrated  wIku  mixtures  of  neai-neut  ra  1  i  z  i  ny  ,  cross-reactive 
lA'ns  v.wre  used  in  passive  protection.  file  L-1  MAh  Vvcrs  .il-.o  1  e  t  i  vl-  in  abrogating 

■  IL  virus  Lnu'.u'i.id  disease  if  administered  prior  to  luur.ii  i  naa.-t  ion  of  virus. 

Ml.  w.'ll  d<).,'um<..nte'<l  piienomonon  of  cross-tu' ot  e  a  I  ion  fro'::  v.irioa'-:  f  1  a  v  i  v  i  r  a  1  diseases 
i.  u.  iiip  l.iie.i':  ,M.\b.s  .cud  three  ot’ier  .■■UAL'-  i  ..  .  't-..;  1  r.';:  Inaians  with 

■  ipanoae  ..a  a.  . '  p  1 1  i  i.  i  t  i  o  t.M,;  virus  immunized  mice.  Miia  ...  ;  'a.  M;  i  i  zi'd  with 

■arioae  e  r  ixa  S- 1' e.  a ' i  v  e  M.M  s  ,  and  Wert.'  tia.'ll  a  iia  i  i  el .  .'a  ■  '  -  r  !  nht  r.;i  J 

lit.caJatioa  of  t.itaer  SLL,  .IL,  or  Murrav  Valiev  .  n.  1  i  '  '  "  "  .  .vrases.  I’liese 

eaalts  ;  lui 'i  ati  ':ui[  '.;,i.rt.'  were  sever. il  t.Toss-rt’a'.  !  i  .  •  ■  '  '  '....  -r  1  vco]-)  ro  t  e  i  n 

■IMa'!!  iiad  differina,  protective  capacities.  A'o  ten  '  .1  .  '  rtr:.  all  virus 

laloaiaes.  In  .-la’ierai,  the  iii,;;.!  aviditr  .'iXba  ni  .o  .  '  '  o  lot-.'  .avidity 

Liot.a'Lion  ..a::  rros '  t:;ficiunt  wlien  'fVE  vim-.  .....  :.  i  .  e  . 

'r.!ti.''ion  VIS  li";!!,!!-  for  SI.L  and  .11.,  virus  ch.illtoa  .  -  ■  a  -larvival  lime 

a.'^  s  i  yn  i  f  i  ■■  :ni  t  1 V  lucre. ciet!  with  most  tif  I  hese  aiuii'i.iw  _  ..  ■  ,  .;  .a.Mliaip.e 

■  i  r  a  ,  . 

.'cU  i-L-i  ana  anti-L-A  MAbs  were  used  to  e  1  i .  i  t  r  .  . ■  .  :  ,  ■  i  ii.'lv'.'e  i  id)  anti- 
i.'Ci  .  Kahili  ts  Were  immunized  with  purified  MAh  .nul  h.'e-U.  .  it:.  .i  :  irture  .C'  Lab  and 
(ai.')  ,  1  i-.ia.i'ien '  s  .  Rahhit  anti-mouse  1  gC  cross-reae  I  i  ve  .uUi'a.'.iv  was  removed  in' 

II.  ...rpf  ;  on  i  .'  in  affinitv  i..<  lumn  preji.ared  from  MtMi  of  lift  sab.-  l.is-  (  I  g.C  2a)  hut 
ilfi.r.o.t  :  pec  t  f  i  a  i  I  V  .  a'c  iiave  been  .d)le  to  demons  t  r  a  1 1-  tii'il  id-ant  i-id  r't-action  can 
I.'  i,l.i  i-.'.,i  1)\  Oidd  i  i  lo’i  I'f  'virus.  ihe  virus-id  reaction  c.an  al.se  be  blocked  hv 

.re  iiaubn;  ion  ol  anti-id  i  I  h  i.l.  .\nL'-iJ  was  specifit'  for  E- 1  id  because  it  failed  to 
...  a  ..v,’ il  i e  itn.  r  SI, I-,  virus  M-Mis.  immunization  of  mice  ir  i  t  h  .'uiti-iti  in  an  attempt  to 
;n  L  i  -  \M  r  1  I  a  n  t  i  I  'ed  v  '  .  :  '  i  n  I’oi;  r  t  ss  . 


II.  Flavivirus  Immunology  — 

Antigen/Antibody  Characterization 


changes  might  be  expected  to  be  selected  against,  but  sequencing  experience  has  shown 
that  even  noncodinq  changes  do  not  accummulate  rapidly  upon  passage,  suggesting  that 
such  changes  are  also  selected  against.  Such  selection  could  occur  if  RNA  secondary 
structure  was  important  for  the  most  efficient  RNA  replication  and  packaging. 

Dr.  Trent  followed  this  up  by  noting  that  given  mutability  of  RNA  genomes  it  was 
remarkable  that  field  isolates  of  both  alpha  and  flaviviruses  appeared  to  change  so 
slowly  (in  particular,  dengue  isolates  in  the  last  20  years)  and  suggested  that  other 
forces  which  we  do  not  understand  were  slowing  down  the  evolution  of  these  viruses  in 
a  natural  setting. 

The  desirability  of  identifying  epitopes  on  the  E  protein  for  use  in  immunization 
was  discussed  by  Dr.  J.  Schlesinger.  However,  attempts  to  obtain  suitable  peptide 
fragments  were  hampered  by  problems  in  obtaining  adequate  amounts  of  purified  E. 


Further  support  for  the  concept  that  flavivirus  proteins  are  produced  by  post- 
ranslational  processing  of  larger  precursors  was  presented  in  the  Saturday  session 
ly  Dr.  C.  Blair.  She  has  found  in  lysates  of  JE-infected  cells  labeled  by  short 

lulses  that  large  proteins  of  >200  K  (which  is  larger  than  the  largest  nonstruct oral 
irotein  recognized  to  date),  95  K  and  81  K  are  specifically  immunoprecipit  ated  by 
inti-JE  antiserum  and  that  by  limited  digestion  with  V8  protease  the  larger  poly- 

leptide  appears  to  share  peptides  with  the  smaller  proteins  of  35  K,  41  K,  29  K  and 

?0  K.  These  large  proteins  are  most  prominent  after  very  short  pulses  (as  little  as 
50  sec)  and  appear  to  chase  in  pulse-chase  experiments.  Dr.  Stollar  commented  that 
)r.  G.  Cleaves  finds  similar  precursors  in  dengue  infected  cells  treated  with  protease 
inhibitors  such  as  zinc  and  TPCK,  and  Dr.  Vorndarn  also  cited  the  appearance  of  larger 
iroteins  in  SLE-infected  cells.  Dr.  E.  Westaway  mentioned  that  small  amounts  of 
larger  products  were  occasionally  seen  in  experiments  with  Kunjin  virus,  but  tliese 

ivere  not  reproducible;  his  colleague.  Dr.  Wright,  had  observed  some  larger  products 
iroduced  in  very  small  amounts  in  the  presence  of  some  inhibitors. 

Returning  to  the  discussion  in  the  Friday  session.  Dr.  Stnller  asked  if 
comparison  of  the  seguences  of  the  glycoproteins  of  viruses  (in  paitirular,  of 
alphaviruses  which  bud  from  the  plasmalemma  and  of  flavi-  and  coronav i ruses  which  bud 
internally)  revealed  any  features  which  could  be  correlated  with  the  sites  of 
budding.  Dr.  J.  Strauss  said  there  was  no  data  bearing  on  this  but  tinth  Dr.  Westaway 
and  Dr.  Vorndarn  mentioned  that  f lav i v i ruses,  perhaps  because  of  their  mode  of 
maturation,  incorporated  unglycosylated  as  well  as  glycosylated  forms  of  the  glvro- 
protein  E  into  their  virions.  Dr.  Vorndarn  further  slated  that  Sit  envelope  protiMri', 
do  not  contain  covalently  attached  lipids. 

In  response  to  a  guery  from  3.  Strauss,  Dr.  Mortal  ti  comftient  ed  on  ttn' 
lineages  of  yellow  fever  vaccine  strains. 

Returning  to  the  problem  of  sharing  seguence  informat  i .m  to  oii  -dei  o..  i.'  >  , 
in  cloning  and  sequencing  of  flaviviruses  Dr.  Dali  ynijjie  ,r,ke,j  if  i  n,  ■  .  , 

possibility  of  "universal  flavivirus  primers"  from  eui  rent  .  ...  *  .  . 

Dr.  Rice  felt  that  there  might  be  consensus  sequences  in  I  tie  ''  in' ■  n 
but  felt  that  primers  for  diagnosis  or  sequencing  in  t  fte  iilvcnin  ,lei  i 
difficult  due  to  divergence  of  the  various  viruses  ,is  .•.  'nr  |;f.i  : 
variation.  Dr.  Blok  commented  that  she  had  used  a  .\ntt!'  '  \  c  .  ■ 
consensus  sequence  of  the  3'  terminus  of  West  Nile  virus  In  pi  eii.’  i'.'  .  ' 

New  Guinea  C  dengue  2  RNA  but  that  it  faileil  to  work  witii  .i  h  '  • 

perhaps  for  technical  reasons. 

Following  up  on  this  point,  Dr.  Strauss  pointed  cm! 
coding  regions  which  could  be  useful  would  lie  deiieiuu  at  e  le  i  ; 
sequences  since  RNA  viruses  in  general  tiave  been  found  In  i  n.d  • 

a  particular  conserved  amino  acid  during  evolution.  Hus  i-  s  :• 

comparative  study  of  alphaviruses  where  an  ammo  arid  seucinii  i-  ■,  i.  ■ 
served  and  yet  the  nucleotide  sequences  stiow  no  moii'  t  h.m  ' 
third  position  of  the  codons.  Therefori*  even  in  regioir,  '  ■  r  ' 

flaviviruses  one  would  not  expect  conservation  at  the  nuclenl  i  '• 
make  specific  primers  usable.  Dr  Wiinmer  agi’eed  and  poi'd.-u  .  p 
strains  1,  2  and  3  have  a  small  numbr’r  of  amino  and  •,  it'  d  u  d  "■  '  • 

restriction  map  in  common  and  minimal  tio'nolnqv  at  t  tie  RNA  lev'i. 

Di  .  St  r  auss  ^comment  ed  that  t'crMust'  of  I  tie  tiiijti  mot  at  inn  lat''  ■'  '  . 

the  order  of  10  per  nur'li'nl  uJc  pn  jeiuM  at  inn,  any  virur.  RNA  [mii'il  d  i  r 
a  population  of  molecules  whicti  possessi-s  an  average  seqiienif  l"d  n  w’  i ,  ‘ 
molecules  differ  in  one  or  more  posit  i  m  ,  fi'im  this  averaiir.  le  v;  d  >•  ,. 

perhaps  surprising  that  RNA  virus  s!i  un;,  'ilmw  as  much  slatulitv  is  t  Si  v  V;.  ■  . 
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Three  of  the  presentations  had  dwelled  upon  the  possible  structures  and  sequences 
at  the  3'  terminus  of  flavivirus  RNA  and  the  effect  of  this  structure  on  priming, 
especially  for  cDNA  synthesis  preparatory  to  cloning  of  the  flavivirus  genomes.  It 
has  been  reported  in  the  literature  1)  that  flavivirus  genomic  RNAs  lack  a  poly(A) 
tail  and  2)  that  it  is  extremely  difficult  to  label  or  modify  the  3'  end  of  some 
flavivirus  RNAs. 

The  first  point  of  discussion  was  the  observation  by  Dr.  Blok  that  cDNA  to  DEN  1 
and  DEN  2  RNAs  could  be  synthesized  effectively  using  an  oligo(dT)  primer.  Dr.  Trent 
pointed  out  that  when  he  examined  various  strains  of  dengue  virus  by  T1 
oligonucleotide  mapping  no  oligonucleotide  with  more  than  10  A's  was  found.  Dr.  Rice 
observed  that  pure  oligo(A)  was  probably  not  required  and  that  a  purine-rich  stretch 
would  suffice  for  priming  with  oligo(dT).  Dr.  Wimmer  mentioned  that  sufficiently  high 
enzyme  and  primer  concentrations  resulted  in  nonspecific  priming  and  gave  examples. 

Dr.  Dalrymple  querried  Or.  Padmanabhan  on  the  methodology  of  the  direct  enzymatic 
RNA  sequencing  he  had  presented  which  indicated  that  his  DEN  2  RNA  possessed  a  poly(A) 
tail  and  suggested  that  if  only  one  of  the  base-specific  nucleases  were  active  it 
would  appear  that  the  RNA  was  polyadeny lated.  Dr.  Padmanabhan  was  sure  that  his 
enzymatic  procedures  were  correct  but  acknowledged  that  he  did  not  include  a  known  RNA 
as  a  control.  Further  questioning  developed  along  the  lines  that  since  flavivirus  RNA 
was  hard  to  label  enzymatically,  a  small  contamination  -f  the  dengue  RNA  preparation 
with  poly( A)-containing  RNA  might  give  the  observed  result.  Dr.  Padmanabhan  replied 
that  after  end  labeling,  the  RNA  was  size  selected  to  be  8  kb  or  larger,  and  he  fell 
confident  that  he  was  in  fact  labeling  the  dengue  RNA. 

Dr.  Rice  had  shown  a  computer  generated  hydrogen  bonded  secondary  structure  which 
included  the  3'  terminus  of  YF  virus  in  his  presentation,  and  suggested  that  when  the 
terminus  was  tied  up  in  this  structure  it  was  difficult  to  modify.  Dr.  Brinton  showed 
a  similar  structure  for  the  3'  terminus  of  West  Nile  virus  strain  E101.  Her  sequence 
differs  in  only  one  out  of  the  first  12  nucleotides  from  that  published  for  another 
strain  of  West  Nile  by  the  Wenglers.  The  3'  terminus  of  West  Nile  is  not  included  in 
this  structure,  however,  and  it  is  perhaps  significant  that  she  had  no  difficulty  in 
labeling  the  3'  end  with  pCp.  She  had  difficulty  in  using  a  primer  made  to  the  3’  end 
for  cDNA  transcription,  however.  This  primer,  made  originally  for  use  with  3E  virus 
RNA,  would  be  bound  within  the  region  of  secondary  structure  at  the  3'  end,  and  it  was 
suggested  that  denaluration,  perhaps  with  methyl  mercury  hydroxide,  might  be  required 
as  had  been  the  experience  of  Dr.  Fournier  with  JE  virus. 

Dr.  Westaway  introduced  his  model  for  flavivirus  replication  based  on  L)V  inacti¬ 
vation  of  translation  which  requires  internal  initiation'  in  order  to  interpret  the 
results.  This  seems  to  conflict  with  the  finding  of  a  single  open  reading  fiame  in 
the  sequence  of  the  yellow  fever  genome.  Dr.  Westaway  cited  polio  virus  RNA  as  an 
existing  example  of  internal  initiation.  Dr.  Wimmer  countered  that  the  evidence  for 
internal  initiation  of  translation  in  polio  was  from  in  vitro  systems  which  he  did  not 
feel  accurately  reflected  the  in  vivo  conditions,  the  results  being  subject  to  vana- 
tion  in  ionic  conditions.  Mg  concentration,  etc. 
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terminus  is  indicated  by  a  dashed  line  above)  during  virus  maturation  and  release. 
Proposed  signal  sequences  for  the  cotranslational  membrane  insertion  of  GP19  and  E, 
respectively,  are  located  in  the  N-  and  C-terminal  domains  of  GP19. 

The  extreme  5'-  and  3'-termifial  sequences  of  the  genomic  RNA  are  homologous  to 
those  found  for  another  flavivirus,  West  Nile  virus,  and  the  complement  of  the 
^'-terminal  sequence  (equivalent  to  the  3'  terminus  of  the  (-)  strand)  is  related  to 
the  3'-terminal  sequence  of  the  (+)  strand.  This  suggests  that  the  viral  replicase/ 
transcriptase  may  have  related  recognition  sites  for  (-)  and  (+)  strand  synthesis.  In 
addition,  the  3'  untranslated  region  contains  three  tandemly  repeated  sequences. 

A  stable  secondary  structure  can  be  predicted  for  the 


3'-terminal  87  nucleotides  of  the  YE  genome  which,  if 
conserved  among  flaviviruses,  may  be  involved  in  RNA 
replication  and  could  explain  the  observation  that  some 
flavivirus  genomic  RNAs  are  poor  substrates  for  T4  RNA  ligase 
and  col i  poly(A)  polymerase. 

As  an  extension  of  these  studies  on  YE,  we  have  begun 
to  study  Murray  Valley  encephalitis  virus  (MVE).  MVE  is 
found  in  Australia  and  New  Guinea,  and  is  thus  geographically 
distinct  from  YE.  In  addition,  YE  and  MVE  differ  in  tissue 
tropism  and  pathogenesis,  and  show  no  cross-neutralization. 
Using  genomic  RNA  from  purified  MVE,  cDNA  clones  have  been 
constructed  and  aligned  with  respect  to  each  other  by 
restriction  enzyme  mapping  and  nucleotide  sequence 
analysis.  After  translation  of  MVE  nucleic  acid  sequences 
into  all  six  possible  reading  frames,  they  could  usually  be 
unambiguously  aligned  with  the  YE  polyprotein  sequence  by  dot 
matrix  homology  routines.  E rom  these  preliminary  data  the 
following  conclusions  can  be  made: 


AG  • 
fe-"’  ?  ^G  • 


MVE  and  YE  show  strong  homology  (~505i  at  the  amino  acid  level)  in  the 
nonst ructural  region. 

Much  less  col inear  homology  is  found  in  the  C  protein  where  apparent 
translocations  have  taken  place. 

Two  highly  conserved  nucleotide  sequences  are  found  immediately  upstream 
from  the  3 '-terminal  secondary  structure  proposed  for  YE. 


In  conclusion,  besides  providing  insights  into  flavivirus  genome  structure  and 
expression,  the  YE  database  should  prove  useful  for  rapid  alignment  and  interpretation 
of  other  flavivirus  sequence  data  as  it  becomes  available.  In  addition,  computer 
searches  thus  far  have  revealed  no  convincing  amino  acid  homology  between  YE  and  any 
of  the  alphaviruses  (or  related  plant  viruses)  which  certainly  Justifies  the 
reclassification  of  flaviviruses  as  a  separate  family. 
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In  order  to  study  flavivirus  genome  structure  and  expression,  cDNA  clones  have 
been  constructed  which  together  contain  the  entire  nucleotide  sequence  of  the  yellow 
fever  virus  genome  (YF,  17  D  vaccine  strain).  Clones  ranging  from  2-7  kilobases  in 
length  were  aligned  by  restriction  analysis  and  sequenced  using  the  base-specific 
chemical  cleavage  method.  Inspection  of  this  sequence  reveals  a  single  long  open 
reading  frame  of  10062  nucleotides,  which  could  encode  a  polyprotein  of  3348  amino 
acids  beginning  from  the  first  methionine  residue.  Comparison  of  this  sequence  with 
amino-terminal  protein  sequence  data  shows  that  the  structural  proteins  are  the  first 
products  encoded  in  this  reading  frame  in  the  order  5*-C-M-E-3’  (see  below). 

YFV  (I7  D)  I0,86l  nucleotides 


5' untranslated- 1 18  fits  Open  reading  frame- 10,044  nts 
AUG 

s'CAP-h  structural  I  nonstructuraL 


3’  untronsloted-699  nts 
UAA 
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The  C  protein  contains  ~2b%  basic  amino  acid  residues  and  a  short  uncharged 
region  from  residues  43-58.  The  N-terminal  portion  of  the  M  protein  is  highly  charged 
whereas  the  C-terminal  domain  is  hydrophobic  containing  only  a  single  charged  residue 
';see  Kyte  and  Doolittle  hydrophobicity  analysis  below;  search  length  =  seven  amino 
acid  residues).  The  virion  envelope  glycoprotein  (t)  contains  two  potential  N-linked 
glycosylat ion  sites  (denoted  by  asterisks)  and  a  hydrophobic  domain  near  the  C 
terminus.  Since  all  three  mature  structural  proteins  are  encoded  in  the  single  long 
open  reading  frame  and  do  not  contain  N-terminal  methionine  residues  they  must  be 
produced  by  post-translational  cleavage.  Although  intracellular  forms  of  C  and  E  have 
been  identified,  the  M  protein  has  not  been  detected  in  infected  cells  and  may  be 
produced  by  the  late  cleavage  of  glycosylated  precursor  GP19  (whose  putative  N 
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The  genome  of  the  Japanese  encephalitis  virus  (JEV:  Nakayama  strain)  is  being 
cloned  and  characterized  by  sequence  and  expression  analyses.  The  aims  of  the 
program  are  to  conduct  detailed  gene  structure-function  studies,  to  acquire  useful 
probes  for  diagnostic  applications,  and  to  explore  the  potential  for  developing  an 
effective  peptide-based  synthetic  vaccine.  Thus  far,  9  kilobases  (kb)  of  the 
approximately  12  kb  RNA  genome  have  been  cloned  as  cDNA  in  the  bacterial  plasmid, 
pBR322.  Reverse  transcription  of  the  plus-stranded  RNA  was  initiated  from  a 
synthetic  oligonucleotide  primer  complementary  to  the  3'-terminus.  The  yield  and 
quality  of  the  cDNA  synthesized  were  both  markedly  improved  when  the  RNA  was 
pre-treated  with  the  denaturing  agent  methylmercury  hydroxide  and  transcription  was 
carried  out  in  the  presence  of  the  commercial  RNase  inhibitor,  RNasin.  The  first 
strand  cDNA  products  ranged  from  1-12  kb,  with  a  substantial  proportion  corresponding 
to  genomic  length  transcripts--possibly  50/'  of  the  product  in  one  preparation. Under 
the  conditions  employed,  no  detectable  synthesis  was  observed  in  the  absence  of 
primer. 

The  cDNA  products  have  been  cloned  citlier  as  RNA:cDNA  hybrids  or  as  double 
stranded  cDNA,  the  latter  generated  hy  self-primed  second  strand  synthesis.  The 
viral  and  plasmid  sequences  were  iolned  for  transformation  through  complementing  poly 
dC,  dO  tails.  The  recombinant  plasmids  derived  from  the  transformants  contained  cDNA 

inserts  up  to  about  6  kb  in  size.  When  the  cDNA  was  size  fractionated  prior  to 

cloninc,  about  75!',  of  the.  hybrid  plasmids  contained  inserts  larger  than  1  kb  and  over 
10.'  were  in  excess  of  3  kb . 

Cross-hybridization  and  restriction  analyses  were  used  to  detect  and  order  the 
overlapping  cDNAs.  Hybridization  with  full-length  viral  RNA  served  to  verify  that 
the  resulting  bank  corresponds  to  cloned  JKV  sequences.  As  presently  defined,  the 
cDNA  bank  includes  at  least  9  kb  of  uniciue  DNA,  accounting  for  a  minimum  of  75%  of 
the  genome.  The  entire  cloned  region  is  contained  in  four  overlapping  fragments. 

Sequence  Information  obtained  thus  far  for  a  3'-proxlmal  1 . 4  kb  segment  revealed 
the  tK-currence  of  several  translational  open  reading  frame  sequences  (ORF) .  Most  are 

too  small  to  bo  significant  but  three  elements  could  encode  proteins  of  8  to  16 

kilodaltons.  The  presence  of  stop  codons  in  all  three  reading  frames  for  both 
strands  indicates  that  this  portion  of  the  genome  does  not  constitute  a  single, 
continuous  ORF.  Results  from  iji  vivo  expression  studies  have  verified  the  presence 
of  ORF  sequences,  hut  it  is  not  yet  known  whether  any  of  these  correspond  to  actual 
viral  protein  coding  regions.  A  functional  map  of  the  genome  will  be  developed  by 
subcloning  random  cDNA  segments  into  bacterial  expression  vectors  and  screening  with 
immunological  probes. 


and  pVV9  having  about  1.4  kb  and  1.65  kb  cDNA  inserts,  respectively  hybridized  to  each  other 
and  were  found  to  share  about  300  bp.  The  three  clones,  pVVl,  pVV9  and  pVV17  represent  about 
4.7  kb  of  DEN-2  viral  genome. 

We  determined  the  complete  sequence  analysis  of  the  cDNA  insert  in  pVV17  by  using  the 
strategy  described  by  Guo  et.  al.  (Nucleic  Acids  Res.  11,  5521-5540,  1983)  and  chemical  method 
of  Maxam  and  Gilbert.  This  cDNA  clone  is  1971  nucleotides  long.  Translation  of  the  DNA 
sequence  into  the  amino  acid  sequence  in  all  three  reading  frames  of  both  DNA  strands  using  a 
computer  program  revealed  the  presence  of  an  open  reading  frame  (ORF)  coding  for  a 
polypeptide  containing  621  amino  acids. 

We  were  interested  in  investigating  whether  these  cDNA  clones  would  be  useful  as  type- 
specific  hybridization  probes.  The  clone  pVV17  was  radio-labeled  by  nick-translation  and  was 
used  as  probe  for  hybridization  with  viral  RNAs  isolated  from  Dengue  virus  types  1-4,  Japanese 
Encephalitis  (OE),  GDVII  (a  mouse  virus)  Semliki  Forest  Virus  (SFV),  Western  Equine  Encephalitis 
(WEE),  St.  Louis  Encephalitis  (SLE),  West  Nile  Encephalitis  (WNE)  and  Kunjun.  All  viruses  were 
grown  in  suckling  mouse  brain  or  mouse  cells  in  tissue  culture.  We  found  that  the  clone  pVV17 
hybridized  very  specifically  to  Dengue  virus  type  2  RNA. 

Structural  analysis  of  two  other  cDNA  clones  pVVl  and  pVV9  as  well  as  the  cloning  of  the 
remaining  portion  of  the  viral  genome  are  in  progress.  This  project  was  supported  by  U.S.  Army 
Medical  Research  and  Development  Command  Contract  DAMD17-82-C-2051. 
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The  native  Dengue  virus  type  2  RNA  was  found  to  be  a  poor  template  for  oligo 

d(T)-primed  cDNA  synthesis.  However,  when  the  viral  RNA  was  denatured  by  treatment  with 

lOmM  methylrnercuric  hydroxide,  it  served  as  a  good  template  for  cDNA  synthesis  suggesting 

that  polyfA)  tail  was  not  accessible  in  the  native  RNA  for  reverse-transcriptase-catalyzed 

cDNA  synthesis  presumably  due  to  the  presence  of  secondary  structure.  We  wanted  to  confirm 

the  presence  of  poly(A)  tail  at  the  3'  end  of  viral  RNA  by  direct  sequence  analysis.  Viral  RNA 
32 

was  labeled  with  ‘pCp  catalyzed  by  RNA  ligase  and  the  3'  labeled  RNA  was  subjected  to 
partial  cleavage  by  base-specific  ribonucleases.  Only  ribonucleases  Phy  M  (A  +  U  specific)  and 
U2  (A  specific)  were  able  to  generate  a  ladder  of  3'  labeled  nucleotides,  whereas  RNase  from 
B.cereus  (C  +  U  specific)  RNase  Tj  (G-specific)  were  not,  confirming  the  presence  of  poly(A) 
tail  at  the  3'  end  of  DEN-2  RNA. 

For  cDNA  synthesis,  DEN-2  RNA,  denatured  with  methylrnercuric  hydroxide  was  used  as  a 
template  for  oligo  d(T)  primed  cDNA  synthesis.  The  first  strand  synthesized  was  estimated  to 
be  approximately  5  kilobases  in  length.  For  second  strand  synthesis,  we  used  the  approach 
described  by  Gubler  and  Hoffman  (Gene  25,  266-269,  1983).  The  synthesis  was  catalyzed  by  the 
concerted  actions  of  three  enzyme  activities,  E.coli  RNase  H,  E.coli  DNA  polymerase  I  and 
E.coli  DNA  ligase.  Subsequent  to  oligo  d(C)  tailing,  double-stranded  cDNA  was  cloned  at  the 
Pstl  site  in  the  polylinker  (lac  IS  coding)  region  of  pUC13-l  vector.  The  recombinants  were 
screened  on  agar  plates  containing  IPTG,  ampicillin  and  the  chromogenic  substrate  for  g 
galactosidase,  x-gal,  as  well  as  by  colony  hybridization  using  labeled  cDNA  probe.  There  were  a 
total  of  eleven  recombinants  containing  various  sizes  of  the  cDNA  inserts  ranging  from  1.95  kb 
to  0.95  kb.  The  cDNA  clone,  pVV17,  having  the  longest  insert  (about  1.95  kb)  was  chosen  for 
further  characterization.  The  clones  pVV2,  4,  7,  11  and  15  all  hybridized  to  pVV17  and  hence 
shared  at  least  a  portion  of  their  sequences,  whereas  pVVl  and  pVV9  did  not.  However,  pVVl 


one  serotype  occurs  (4,5).  A  one-dimensional  fingerprinting  system  has  been  used  to 
determine  the  genetic  variation  within  the  dengue- 1  serotype.  Four  dengue- 1  virus 
isolates  from  Malaysia  (provided  by  Dr  T.  Pang)  and  three  dengue-1  isolates  from 
Australia  (provided  by  Dr  B.  Kay)  were  examined  by  digesting  cDNA  synthesized  from  the 
viral  RNA  with  the  restriction  enzyme  Hae  III .  The  one-dimensional  patterns  obtained 
by  polyacrylamide  gel  electrophoresis  of  the  resulting  fragments  showed  that  the 
Malaysian  isolates  were  all  different  (by  at  least  one  band)  while  the  Australian 
isolates  were  identical.  It  was  clear  from  these  one-dimensional  patterns  that  the 
1981/82  isolates  from  Australia  were  not  imported  from  Malaysia  since  the  Hae  III 
patterns  were  very  distinct  between  the  Malaysieui  amd  Australian  isolates.  Some  of  the 
Hae  III  fragments  were  shared  by  all  1981/82  isolates  as  well  as  the  1944  dengue-1 
prototype  virus. 

In  order  to  determine  the  molecular  variation  of  some  of  these  isolates  in  more 
detail,  nucleotide  sequencing  using  cloned  dengue- 1  specific  DNA  primers  is  underway. 
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In  order  to  determine  the  broad  genetic  relationship  of  the  four  dengue  virus 
serotypes,  cDNA-RNA  hybridizations  were  carried  out-  Dengue  viruses  contain  a  single- 
stranded  RNA  genome  of  about  12,000  nucleotides.  Variable  amounts  of  near  full-length 
cDNA  were  synthesized  in  vitro  from  1  ug  of  RNA  genome  extracted  from  the  prototype 
strains  of  the  four  dengue  virus  serotypes  using  an  oligo(dT)  primer  and  the  enzyme, 
reverse  transcriptase. 

Published  sequence  data  from  the  flavi viruses  West  Nile  and  Japanese  encephalitis 
indicate  that  these  RNA  genomes  do  not  contain  a  poly (A)  tail  (1,2).  The  nucleotide 
sequence  data  from  yellow  fever  virus  presented  at  the  International  Congress  of 
Virology  in  Sendai,  Japan  (1984)  by  Dr  C.M.  Rice,  showed  that  there  is  an  adenosine  rich 
region  near  the  3'  end  of  the  RNA  genome.  If  dengue  virus  RNAs  contain  a  similar  region 

then  it  is  conceivable  that  an  oligo(dT)  primer  could  bind  to  this  region  with  variable 

efficiency. 

By  optimizing  the  in  vitro  cDNA  synthesis  conditions,  enough  dengue-1,  -2,  -3  and 
-4  specific  cDNA  probes  were  produced  to  study  the  genetic  relatedness  of  all  four 
dengue  virus  serotypes  by  cross  cDNA-RNA  hybridizations.  These  studies  reveal  that; 

(a)  the  background  of  nuclease  resistant  hybrids  formed  with  C6/36  cellular  nucleic 
acid  is  about  10%, 

(b)  dengue-1  and  dengue-4  produce  hybrids  which  are  about  70%  resistant  to  nuclease, 

(c)  dengue-3  and  dengue-4  RNA  genomes  show  about  50%  sequence  homology, 

(d)  dengue-2  does  not  seem  to  be  very  closely  related  to  any  other  dengue  virus 
serotype., 

(e)  no  difference  can  be  detected  between  strains  of  the  same  serotype  by  this 
technique  (3) , 

( f)  dengue-2  cDNA  does  hybridize  with  the  Australian  flavivirus  Edge  Hill  RNA  (about 
70%)  and  this  relationship  has  also  be  detected  by  a  dengue-specific  monoclonal 
antibody  ( 3)  . 

The  close  genetic  relationship  between  serotypes  1  and  4,  3  and  4  and  the  lack  of  a 
close  relationship  of  serotype  2  with  einy  other  dengue  virus  serotypes  suggest  that 
the  dengue  viruses  may  differ  in  their  evolutionary  patterns. 

Variation  within  one  serotype  cannot  be  detected  by  cDNA-RNA  hybridization  but  a 
more  sensitive  technique  such  as  ribonuclease  T^  oligonucleotide  fingerprinting  can  be 
used.  Oligonucleotide  fingerprints  of  dengue-2  viruses  have  shown  that  variation  within 
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Cloning  and  sequencing  of  St.  Louis  encephalitis  (SLE)  virus,  MSI-7 
strain,  has  been  Initiated  In  our  laboratory.  MSI-7  Is  a  "virulent"  SLE 
strain  Isolated  under  epidemic  conditions  In  1975.  Two  sequencing  procedures, 
primer  extension  on  an  RNA  template  and  molecular  cloning,  are  being  employed. 
Primer  extension  sequencing  (PES)  Is  most  useful  for  rapid  scanning  of 
specific  genome  regions  and  for  linking  cloned  genome  fragments.  PES  by  the 
dldeoxy  method  was  begun  by  using  primers  to  the  3'  terminus  of  the  genome  and 
to  the  amino  terminus  of  the  glycoprotein  gene.  Initial  results  Indicate  that 
sequences  near  the  3'  end  of  the  genome  are  rich  In  G  and  may  be  Involved  in 
tertiary  structure. 

We  have  synthesized  cDNA  to  the  SLE  genome  using  these  two  primers  as  well 
as  calf  thymus  DNA.  cDNA  was  synthesized  with  reverse  transcriptase  for  the 
first  strand  and  rlbonuclease  H/Pol5nnerase  I  for  the  second  strand.  Tlie 
fragments  were  cloned  Into  £.  coll  K12  TB-1  using  the  pUC-18  plasmid.  Clones 
primed  with  the  glycoprotein  primer  are  900  to  1000  bases  long  and  may  contain 
both  the  M  and  C  genes.  Clones  primed  with  the  3’  primer  or  calf  thymus  DMA 
range  from  500  to  3500  bases  in  length.  Of  the  40  clones  now  being  worked 
with,  6  hybridize  with  the  glycoprotein  primer  and  6  with  the  3'  primer. 
Preliminary  results  with  restriction  endonuclease  mapping  indicate  that  at 
least  half  of  the  SLE  genome  is  covered  by  these  clones. 
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Japanese  encephalitis  (JE)  virus  contains  three  structual  proteins, 
VI  (M),  V2(C)  and  V3(E).  It  has  been  known  bv  cur  studies  and  others  that 
tlie  major  glycoprotein  V3(E)  has  important  role  for  flavivirus  infection 
and  antigenic  determinant  sites  against  neutralizing  antibodies  and  also 
contains  at  least  three  antigenic  determinants,  flavivirus  cross-reactive, 
subgroup  reactive  and  viral  species  specific.  These  determinants  seem  to  be 
correlated  with  the  important  biological  properties,  hemagglutination  (HA) 
and  neutralization  of  the  viruses.  It  is  important  to  elucidate  the 
correlation  L  tween  antigenic  determinant  sites  of  V3  protein  and  the 
biological  activities  for  clarification  of  host  defence  mechanisms  and 
development  of  potential  vaccine.  We  analysed  the  antigenic  structure  of 
V3(E)  protein  by  using  monoclonal  antibodies. 

We  used  18  monoclonal  antibodies  against  V3(E)  protein  for  the 
analysis  and  grouped  them.  To  characterize  the  monoclonal  antibodies  and 
analyse  the  topography  of  the  epitopes  on  V3(E)  to  which  the  monoclonal 
antibodies  reacted,  ELISA,  HA  inhibition  (HI)  and  neutralization  test  and  a 
competitive  binding  assay  were  performed.  We  could  identify  8  distinct 
domains  of  antigenic  determinants  on  V3(E)  protein  and  grouped  the 
antibodies . 

Group  1  antibodies  hai  high  HI  titre  but  did  not  show  any 
neutralizing  activity  against  JE  virus.  These  antibodies  showed  high  cross¬ 
reactivity  with  other  flaviviruses  by  ELISA  and  HI  but  did  not  show  any 
reactivity  against  alphaviruses.  ELISA  and  HI  titres  of  group  1  antibodies 
against  the  flaviviruses  were  similar  to  those  against  JE  virus.  It  is 
clear  that  these  antibodies  are  flavivirus  cross-reactive  HI  antibodies.  It 
is  Interesting  that  the  antibodies  could  neutralize  Dengue  (D)  2,  St.  Louis 
encephalitis  (SLE)  and  West  Nile  (WN)  viruses  but  could  not  neutralize 
Murray  Valley  encephalitis  (MVE)  virus. 

Grouf;  2  antibodies  had  high  HI  titre  and  no  neutralizing  activity 
aga:  rist  JE  virus  and  cross-reacted  with  same  subgroup  flaviviruses  as  JE 
virus,  WN  subset,  but  did  not  show  any  reactivity  with  D  viruses.  In  this 
group  the  antibody  cross-reacted  with  MVE  virus,  W'N  virus  and  SLE  virus  and 
the  antibody  cross-reacted  only  with  MVE  virus  were  included.  Group  2 
antibodies  were  therefore  assigned  subgroup  cross  reactive  HI  antibody. 

Group  3  antiboaies  showed  neutralizing  activity  but  no  HI  activity 
and  reacted  only  with  JE  virus.  The  antibody  in  this  group  strongly 
inhibited  hr^molysis  and  cell  fusion  causing  by  JE  virus.  In  this  group  the 
strain  specific  antibody  was  included. 

Group  4  and  5  antibodies  sliowed  neutralizing  activity  but  no  HI 
activity  and  reacte'i  with  saim;  :;ub-group  viruses  as  JE  virus.  In  these 
groups  tiiC  antibodies  :ro3.s-rt;a cted  with  MVE  virus  and  WN  virus  and  the 
antibodi-a;  c ros  ;-rf;a  ■  to  i  wiU;  all  the  three  vii'uses  were  included.  There 
were  an  s  lgi:i;'ica;it  0.  Lfi’er'a’ices  in  antibody  characteristics  between  group  4 


and  5,  however,  distinct  topographical  difference  in  antigenic  determinant 
sites  were  observed. 

Group  6  antibody  did  not  show  any  neutralizing  and  HI  activity.  The 
antibody  reacted  with  MVE  virus  and  WN  virus  too. 

Group  7  antibodies  showed  both  HI  and  neutralizing  activity.  In  this 
group  the  antibodies  cross-reacted  only  with  MVE  virus  and  the  antibody 
cross-reacted  both  with  MVE  virus  and  WN  virus  were  included. 

Group  8  antibody  showed  high  neutralizing  activity  but  no  HI  activity 
and  the  reactivity  was  restricted  only  JE  virus.  This  monoclonal  antibody 
might  be  an  authentic  neutralizing  antibody  against  critical  site  of  the 
virus  for  neutralization  because  neutralizing  titre  of  the  antibody  was 
nearly  equal  to  ELISA  titre,  for  example  10^  neutralizing  titre/3x10^  ELISA 
titre. 

Epitopes  against  neutralizing  antibodies  were  sited  relatively  close 
each  other,  especially  between  the  epitopes  against  group  3  and  8 
antibodies,  and  far  from  a  epitope  of  flavivirus  cross-reactive  HI 
antibodies.  It  became  clear  that  important  epitopes  for  viral  infection, 
namely  against  neutralizing  antibodies,  were  sited  on  restricted  part  of 
V3(E)  and  had  relatively  virus  species  specificity.  These  results  indicate 
that  it  is  possible  to  develop  a  synthetic  vaccine  against  JE  virus. 

There  were  many  highly  cross-reactive  epitopes  on  MVE  virus  except 
group  3  and  8  and  the  biological  activities  of  antibodies  against  these 
cross-reactive  epitopes  shown  on  JE  virus  were  also  same  on  MVE  virus,  so 
there  might  be  a  great  resemblance  in  antigenic  structure  of  V3(E)  protein 
between  JE  virus  and  MVE  virus  in  WN  subset  viruses. 

We  also  obtained  strain  specific  monoclonal  antibodies  against  V3(E), 
representatively  clone  401  and  N13,  and  attempted  to  group  11  JE  virus 
strains  known  their  sero-type,  JaGAr-01  or  Nakayama-NIH,  by  the 
neutralizing  test  using  polyclonal  hyper-immune  sera  with  these  monoclonal 
antibodies.  Reactivity  of  monoclonal  antibody  401  was  restricted  to  JaGAr- 
01  type  strains  and  N13  reacted  only  with  Nakayama-NIH  type  strains.  So 
these  antibodies  with  another  JE  virus  specific  monoclonal  antibodies  are 
of  practical  use  for  rapid  estimation  of  the  virus  specie"  and  type  of 
strain.  These  epitopes  against  the  strain  specific  antibodies  were  sited 
near  the  group  8  domain. 

The  mixture  of  cross  reactive  antibodies  against  different  domains 
showed  a  considerably  higher  neutralisation  titres  than  the  titres  expected 
by  simple  dilution  of  neutralizing  antibodies.  These  mixing  effects  were 
observed  not  only  on  JE  virus  but  also  against  other  WN  subset  viruses  and 
may  be  reflected  in  cross  neutralization  among  flaviviruses. 

These  result  indicates  that  there  are  separately  functional  domains 
on  JE  virus  V3(E)  glycoprotein. 
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Monoclonal  antibodies  to  the  major  antigens  of  Japanese  encephalitis  virus  have 
been  used  to  distinguish  topographically  and  functionally  different  epitopes  on  the 
V3  envelope  glycoprotein  (1,2).  One  striking  observation  was  that  passive 
administration  of  certain  antibodies  could  protect  mice  from  a  lethal  challenge  of 
JEV  while  other,  non-protective  antibodies  actually  resulted  in  increased  mortality 
and  decreased  survival  time  of  mice  challenged  with  sublethal  doses  of  the  virus  (2). 
These  results  underscore  the  importance  of  mapping  the  antigenic  determinants  to 
specific  sites  on  the  V3  protein  sequence  and  establishing  the  molecular  basis  for 
the  different  functional  properties  of  these  epitopes. 

Our  strategy  for  epitope  mapping  is  based  on  plasmid  and  phage  X  expression 
vectors  that  allow  the  construction  of  active  hybrid  genes  between  open-reading- frame 
(ORF)  DNA  and  vector-encoded  coli  B-galactosidase  (lacZ) .  The  plasmid  vectors  are 
constructed  so  that  insertion  of  an  ORF  sequence  in  the  correct  frame  restores 
translation  of  the  downstream  lacZ  region  to  yield  functional  3-galactosidase  (3,4). 
Thus,  ORF  sequences  can  be  identified  by  plating  transformants  on  lacZ  indicator 
plates.  In  the  phage  vector,  Agtll,  the  in-frame  insertion  of  cDNA  segments  is  into 
the  distal  portion  of  lacZ  resulting  in  an  inactive  lacZ  fusion  protein  (5) . 

Although  each  expression  system  offers  unique  advantages,  we  are  convinced  that  the 
Xgtll  vector  provides  the  best  method  for  the  identification  of  the  viral  epitopes 
corresponding  to  exisiting  immunological  probes  (cf.  6).  Since  available  monoclonal 
antibodies  and  hyperimmune  ascitic  fluids  have  combined  reactivities  with 
polypeptides  that  account  for  over  80%  of  the  coding  capacity  of  the  JEV  genome,  we 
are  developing  banks  of  JEV  cDNA  (7)  in  Xgtll  for  expression  analysis. 

Methods  have  been  optimized  for  the  random  fragmentation  of  cloned  JEV  sequences 
and  for  their  efficient  insertion  into  Xgtll.  So  far,  we  have  immunologically 
screened  6,000  recombinants  from  a  bank  constructed  with  70  bp  (M^)  fragments  and 
have  not  been  able  to  detect  the  expression  of  any  JEV  epitopes.  We  are  currently 
constructing  banks  with  1-2  kb  and  >2  kb  fragments  with  the  expectation  that  many 
epitopes  will  be  more  effectively  presented  in  longer  polypeptide  fragments. 
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By  the  use  of  monoclonal  antibodies  we  have  established  a  model  showing  the 
serologfical  specificities,  functional  activities  and  spatial  relationships  of  eight 
distinct  epitopes  on  the  TBE  virus  glycoprotein.  Based  on  mutual  blocking  of 
monoclonal  antibodies  in  competitive  binding  studies  most  of  these  epitopes  cluster 
to  form  two  major  antigenic  domains  (A  and  B).  Both  domains  are  inhomogeneous 
with  respect  to  serological  specificity  and  contain  epitopes  which  differ  with 
respect  to  their  involvement  in  hemagglutination  inhibition,  neutralization  and 
passive  protection.  These  marked  differences  in  functional  activities  are  not  only 
a  matter  of  antibody  avidity,  since  we  have  shown  that  certain  nonneutralizing 
antibodies  have  higher  avidities  than  neutralizing  antibodies  binding  to  closely 
adjacent  epitopes.  These  findings  are  especially  relevant  to  the  design  of  syn¬ 
thetic  peptides  for  immunization,  since  they  reveal  the  importance  of  the  precise 
selection  of  sequences  involved  in  functional  activities. 

Simultaneous  binding  studies  of  antibody  pairs  for  the  analysis  of  overlap¬ 
ping  epitopes  revealed  that  antibodies  may  not  only  block  each  other  but  in 
contrast  may  even  enhance  the  binding  of  other  antibodies.  This  leads  to  a  com¬ 
plex  network  of  interactions  between  antibodies  to  distinct  nonoverlapping  epi¬ 
topes  which  can  either  be  unidirectional  or  bidirectional.  The  quantitative 
evaluation  of  binding  data  by  Scatchard  analysis  revealed  that  the  observed 
phenomenon  is  due  to  an  up  to  six-fold  increase  of  antibody  avidity.  In  the 
present  system  enhancement  of  antibody  binding  is  not  dependent  on  antibody 
bivalency  since  it  could  also  be  demonstrated  with  purified  Fab  fragments  acting 
either  as  enhanced  or  as  enhancing  antibody.  It  can  therefore  be  assumed  that 
binding  of  antibodies  to  certain  epitopes  on  the  TBE  virus  glycoprotein  induces 
conformational  changes  in  distant  parts  of  the  molecule  which  can  result  in  in¬ 
creased  avidity  of  antibodies  directed  to  conformationally  changed  epitopes. 

The  structural  properties  of  each  mononclonal  antibody-defined  epitope  were 
assessed  by  analyzing  the  influence  of  conformational  changes  on  the  antigenic 
reactivity.  All  epitopes  of  domain  A  were  extremely  denaturation-sensitive  and  lost 
their  activities  upon  incubation  at  pH  5.0  and  by  treatment  with  guanidine- 
HCl/urea,  SUS  or  reduction  and  carboxymethylation .  The  second  major  domain  B 
cn  the  other  hand  proved  to  be  denaturation-resistant  and  was  destroyed  only  by 
reduction  and  carboxj  lethylation.  A  very  similar  picture  was  obtained  upon 
proteolysis  using  trypsin,  Ob -chymotrypsin  and  thermolysin,  epitopes  of  domain  A 
being  sensitive  and  those  of  domain  B  being  resistant.  Each  of  the  proteases  used 
yielded  fragments  of  mol. weight  approximately  9000  which  were  stable  to  further 
proteolysis  and  were  shown  by  immunoblotting  to  carry  all  the  epitopes  of  domain 
B.  Upon  immunization  of  mice,  these  fragments  induced  glycoprotein-reactive  anti¬ 
bodies  which  were  also  functionally  active  in  hemagglutination  inhibition  and 
neutralization. 

Amino  acid  analysis  of  these  fragments  after  reversed  phase  HPLC  and  iden¬ 
tification  by  dot  immunoassays  revealed  the  presence  of  potential  additional 
cleavage  sites  for  each  of  the  proteases  used  suggesting  the  presence  of  a 
strongly  stabilized  core  structure  which  is  resistant  to  further  proteolysis.  It  was 
also  shown  that  after  reduction  of  disulfide  bridges  this  domain  has  a  strong 
tendency  to  renaturation  and  there  is  evidence  that  the  antigenic  reactivity  of 
epitopes  of  domain  B  is  dependent  on  a  core  structure  which  is  stabilized  by 
disulfide  bridges.  Although  epitopes  of  domain  A  are  much  more  sensitive  to 
denaturation ,  both  domains  seem  to  be  strongly  dependent  on  the  native  confor¬ 
mation  of  the  molecule. 
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High-titered  neutralizing  activity  against  Togaviruses  has, in  general,  been  a  property 
of  type  or  strain-specific  monoclonal  antibodies  (MAB)  which  are  usually  most  effective 
in  passive  protection  models  in  preventing  lethal  encephalitis  after  challenge  with  homol¬ 
ogous  virus.  However,  more  broadly  reactive  MAB  with  little  or  no  neutralizing  activity 
have  been  shown  to  protect  against  challenge  with  heterologous  as  well  as  homologous  vi¬ 
rus.  Among  alphaviruses  this  property  has  been  correlated  either  with  high  avidity  (Vene¬ 
zuelan  equine  encephalitis) (1)  or  the  cibility  to  lyse  virus-infected  cells  in  vitro  in  the 
presence  of  complement  (Sindbis) (2) .  Among  flaviviruses  only  neutralizing  MAB  protected 
against  challenge  with  tick-borne  encephalitis  (3)  and  solid  protection  against  St.  Louis 
encephalitis  (SLE)  was  conferred  only  by  a  type-specific  high-titered  neutralizing  MAB  (4) 
suggesting  that  the  development  of  a  vaccine  utilizing  flavivirus  cross-reactive  antigenic 
ep'itopes  is  probably  not  feasible  since  they  appear  to  be  much  less  protective  than  type- 
specific  ones.  These  studies  have  all  utilized  MAB  to  virion  envelope  proteins;  a  poss¬ 
ible  protective  role  of  antibodies  to  nonstructural  proteins  has  not  been  previoi’sly 
investigated . 

MAB  produced  to  vaccine  strain  17D  have  been  described  previously  (5,6).  Thirteen  of 
Lhe  nineteen  were  IgG  MAB  directed  to  the  envelope  protein  (E) .  These  were  categorized 
into  several  groups  (Table  1)  on  the  basis  of  their  serologic  activity  which  included  neu¬ 
tralization  by  a  conventional  plaque  reduction  method  (PRNT)  in  Vero  cells,  HAI ,  comple¬ 
ment  fixation  (CF)  ,  and  immunof luorescent  assays.  The  only  IgM  MAB  (8A3)  produced  was 
strain-specific  for  17D  and  neutralized  it  in  high  titer.  At  least  nine  epitopes  on  E 


Table  1.  PROTECTION  AGAINST  INTRACEREBRAL  CHALLENGE  WITH  17D  BY  MAB  TO  E  (V3) 


17D  Group  Designation 

Antibodies  A  8A3 


Flavivirus  N  (Vero) 
Designation  Specificity  17D  Asibi 

8A3  Strain  + 

4E8,2C9,2E10  Type  +  + 

2B8,5E3,2D12,3A3,4E1,5E5  Type  -  + 

4E11,5E6,5H3  Group  -  + 

3E9  Type 


Protection 


Dengue  2 
Antibodies 


4G2 ,1B8 
3H5 


Group 

Type 


have  been  identified  by  patterns  of  seroreactivity  and  results  of  competitive  binding  as¬ 
says  (7).  All  anti-17D  MAB  as  well  as  three  previously  reported  MAB  to  dengue  2  virus (DEN) 
2) (8)  were  employed  in  passive  protection  experiments  using  intracerebral  challenge  with 
10  to  10“^  of  17D  in  Swiss  (CD-I)  and  BALB/c  mice.  MAB  in  the  form  of  immune  asci¬ 

tes  of  known  Ig  concentrations  (400,40,4,0.4  ug/mouse)  were  injected  intraperitoneally  24 
hrs  before  challenge.  The  IgM  MAB  (8A3)  failed  to  provide  any  protection  despite  its 
high-titered  neutralizing  activity  possibly  because  of  inability  to  cross  the  blood-brain 
barrier.  All  17D  IgG  MAB  to  E  in  high  dose  provided  solid  protection  regardless  of  epi¬ 
tope  specificity  or  ability  to  neutralize  17D  in  vitro.  17D  MAB  with  high  in-vitro  neu¬ 
tralizing  titers  (Group  B)  were  in  general  protective  at  lower  dose  (0.4-4  ug)  than  were 
nonneutralizing  MAB  (40-400  ug) .  However,  two  type-specific  nonneutralizing  MAB  (4E1, 

3E9)  provided  similar  protection  at  low  dose;  this  could  not  be  attributed  to  high  avidi¬ 
ty.  Two  flavivirus  group-reactive  DEN  2  MAB  also  protected.  One  of  these  (4G2)  was  com- 
paraible  to  high-titered  neutralizing  MAB  to  17D  in  conferring  protection  at  low  dose.  MAB 
3E9  and  anti-DEN  2  4G2,  which  were  nonneutralizing  in  Vero  cell  assay  did  exhibit  neutral¬ 
izing  activity  when  assayed  in  mouse  neuroblastoma  cells  providing  a  possible  explanation 
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for  their  protective  capacity.  Recognition  of  conditional  neutralization  activity  basec 
on  choice  of  cell  type  indicates  that  reliance  on  conventional  plaque  assays  to  define- 
neutralizing  capacity  of  .^lAB  may  be  inadequate. 

Two  of  five  MAB  obtained  to  the  17D-specif ied  nonstructural  protein  gp48  (NV3)  aisc 
protected  against  challenge.  Similar  to  results  previously  reported  by  others  with  Sii.d- 
bis  virus  (2) ,  their  capacity  to  protect  correlated  with  their  CF  activity  and  t'noii 
ability  to  lyse  virus-infected  cells  in-vitro  in  the  presence  of  complement  as  measured 
by  a  ^^Cr  release  assay  (Table  2).  Utilizing  the  Scime  assay,  complement-dependent  cytol- 
ysis  was  not  detected  with  any  of  the  anti-E  MAB. 

Table  2.  PROTECTION  AGAINST  INTRACEREBRAL  CHALLENGE  WITH  17D  BY  .MAB  TO  gp48  CT.'i' 


intibody'^ 

I sotype 

No. 

17D  CF  Titer  No. 

Survivors 

Challenged 

1  '-^^cr  : 

17DIAr 

- 

’  1.8b 

8/8 

45 

1A5 

2a 

4.2 

15/18 

44 

CO 

-tv. 

3.0 

9/16 

36 

2G2 

3 

•  0.9 

4/16 

9 

4E3 

1 

1.8 

2/16 

1 2 

2D10 

1 

•  0.9 

1/19 

6 

PCS 

2a 

ND 

0/10 

2 

MO PC 21 

1 

ND 

0/16 

6 

a  400  ug  monoclonal  antibody  or  myeloma  protein  i.p  ^  -lou^r- 

To  examine  the  immunogenicity  of  gp48,  the  protein  was  purified  by  affinity  chromato¬ 
graphy  -using  MAB  8G4  as  the  ligand.  Purity  was  established  by  silver  staining  ci  t.'u-  prod- 
..ct  after  SDS-PAGE  and  by  monospecificity  of  sera  obtained  from  rabbits  hyper imiv.unizvd 
witri  purified  gp48.  A  group-reactive  site  was  identified  on  17D  gp48  by  binding  of  poly¬ 
clonal  antibodies  raised  against  DEN,  SLE  and  Powassan  viruses.  Results  of  challenge  at- 
tei  intrapcritoneal  immunization  with  purified  gp48,  infectious  17D  virion  or  control 
ovalbumin  are  shown  in  Table  .  Mice  were  bled  the  day  before  challenge  and  sera  within 
■-•ach  grc'.ip  pooled.  Prechallenge  sera  from  mice  given  gp48  were  monospecific  as  determined 
by  radioirmtunoprecip 1  tat  ion .  Immunization  with  two  doses  of  gp48  with  or  without  compdete 
Freund's  adjuvant  (UFA)  gave  complete  protection  in  the  absence  of  neutralizing  antibodies, 
Taole  'j.PRCTEGTICN  AGAINiT  INTRACEREBRAL  CHALLENGE  WITH  17D  BY  INOCULATION  WITii  gp48(N\'3) 


Antiger 

Pro-challenge  Serum 
Titer  (-Logm) 

No . 

No . 

survivors 
Cl-ial  1  enejed 

Prime 

Boost 

qp48  ELISA 

PRKT 

17D  virion 

none 

3 

2.5 

8/8 

gp4S/CFA 

gp46 

5 

-  1.3 

11  '11 

gp48 

gp4P 

3 

(  .  3 

12/11 

CFA 

non*;.! 

■  1 

•  i  .  i 

2  '10 

OA/Cr  A 

1 

•  1.3 

2  '10 

OA 

OA 

•  1 

-  1.3 

4/iob 

none 

none 

■  1 

'  1.3 

O.-'li 

a  17D  12*’' 

FFU :  gp4&  15  ug : 

OA  15  u  g 

b  2/4  survivors 

paralyzed. 

Tne  ability  of  fla-.-ivirus  group -react! ve  antibodies  to  the  E  protein  to  provide  pro¬ 
tection  against  viral  infection  as  well  as  the  protection  provided  by  imrr.unization  with 
gp4-  which  bears  a  group  reactive  determinant (s)  may  have  implications  in  regaid  t- - 
flavivirus  vaccine  design. 
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We  sought  to  develop  a  large  panel  of  dengue  serotype-specific,  dengue  complex- 
reactive,  and  flavl virus  group-reactive  mouse  monoclonal  antibodies  (MAB). 

Prototype  strains  of  all  four  serotypes  (DEN-l  Hawaii,  DEN-2  New  Guinea  C,  DEN-3 
H87,  and  DEN-4  H241)  were  used  to  immunize  BALB/c  mice,  and  spleen  cells  from 
immunized  mice  were  fused  with  P3x63Ag8  myeloma  cells-  Antibody-producing  clones 
were  identified  by  RIA  screening  of  cell  culture  supernatant  fluids  for  binding  of 
immunoglobulin  to  lysates  of  homologous  virus-infected  LLC-MK2  cells.  The  binding 
spectrum  of  each  positive  MAB  cell  culture  fluid  (CCF)  was  determined  by  antibody 
capture  solid  phase  RIA  or  ELISA  using  a  battery  of  8  flavlvlrus  antigens 
(supernatant  fluids  of  C6/36  Aedes  alboplctus  mosquito  cells  infected  with  DEN-1, 
DEN-2,  DEN-3,  DEN-4,  JE,  TMU,  or  WSL,  or  LGT  mouse  brain  antigen).  The  relative 
antigen  binding  activity  (RABA)  of  each  MAB  CCF  for  each  antigen  was  calculated  as 
the  antigen  bound  (CPM  or  OD)  expressed  as  the  per  cent  of  a  standard,  strongly  pan¬ 
group  reactive  MAB  AD2.4G2.  Clones  with  strong  binding  activity  (RABA  >40  to  at 
least  one  antigen)  were  studied  further.  From  each  group  of  MAB  CCF's  which  shared 
a  common  binding  spectrum,  one  MAB  was  chosen  for  expansion  (as  ascitic  fluid)  and 
direct  labelling  with  either  1-125  or  peroxidase.  Low  dilutions  of  CCF's  were  used 
to  competitively  block  attachment  of  a  limiting  dilution  of  the  labelled  MAB. 
Identity  was  operationally  defined  when  two  MAB's  had  a  common  binding  spectrum  and 
at  least  one-way  competitive  binding  could  be  demonstrated.  When  a  CCF  was 
encountered  that  did  not  block  existing  labelled  MAF's  with  the  same  binding 
spectrum,  that  clone  was  in  turn  expanded,  labelled,  and  used  In  competitive 
blocking  assays.  The  cycle  was  repeated  until  the  identities  of  all  MAB's  were 
established. 

Of  the  143  positive  CCF's  tested,  67  strongly  bound  at  least  one  dengue  serotype. 
Serotype-specific,  complex-reactive,  and  group-reactive  epitopes  were  identified; 
however,  epitopes  with  varying  subcomplex  and  subgroup  cross-reaction  patterns  were 
also  detected.  All  MAB's  labelled  were  Isotyped  as  either  garama-1 /kappa  or  gamma- 
2a/kappa.  Several  factors  were  found  to  affect  epitope  accessibility:  source  of 
antigen  (mosquito  cell  versus  mouse  brain);  media  conditions  (pH);  and  concurrent 
binding  of  other  monoclones  at  other  epitopes  (resulting  in  increased  binding  or 
"promotion”).  Twenty-one  unique  but  in  some  cases  overlapping  MAB's  were  found  to 
react  with  DEN-2  (4  type,  4  subcomplex,  5  complex,  4  subgroup,  and  4  group).  Two 
distinct  non-overlapping  group-reactive  epitopes  were  found  to  be  present  on  all 
flavlvlruses  tested,  and  two  distinct  dengue  complex  epitopes  were  detected. 
Groupings  of  MAB's  based  on  quantitative  binding  spectra  (eg,  DEN-1>DEN-2>DEN-3>DEN- 
4,  or  DEN-1  =  DEN-2  =  DEN-3  =•  DEN-4  predicted  Identity  based  on  cross-blocking 
studies.  Two  monoclones,  AD3.1B7  (subgroup-reactive)  and  AD2.4G2  (group-reactive), 
reciprocally  promoted  each  other  on  all  four  serotypes.  Only  two  other  MAB's, 
A02.2H3  and  AD2.N5F10  (both  DEN-2  specific)  were  strongly  promotable.  Binding  at 
any  one  of  at  least  four  distinct  other  epitopes  non-rec 1 procal ly  promoted  1B7 
and/or  4G2.  MAB's  with  strong  neutralizing  activity  were  identified  for  DEN-1,  DEN- 
2,  and  DEN-3,  but  none  was  found  for  DEN-4.  Surprisingly,  many  of  the  strongly 


neutralizing  MAB's  had  subcomplex  or  subgroup  binding  spectra,  although  the 
homologous  serotype  was  preferentially  neutralized.  A  cartoon  of  the  DEN-2  epitope 
map  Is  shown  below.  Maps  of  the  other  dengue  serotypes  showed  similar  relationships 
between  the  group,  subgroup,  and  complex-reactive  epitopes.  MAB's  15H5  and  5C9 
Immunopreclpltate  a  20-22  kllodalton  viral  protein,  while  MAB's  2H3,  1B7,  4G2,  13D4, 
9D12,  and  3H5  Immunopreclpltate  a  60-62  kllodalton  protein.  The  protein  targets  of 
MAB's  13G9,  N5F10,  and  4E5  are  not  yet  resolved. 


Large  circle  =  flavivlrus  group  or  sub-group  epitope;  square  =  DEN  complex  epitope; 
small  circle  with  dot  =  type  specific  epitope;  dashed  arrow  =  promotion;  solid  arrow 
=  blocking.  Overlaps  are  MAB's  with  similar  binding  spectra  which  cross  block  but 
have  other  minor  but  reproducible  differences. 
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The  session  opened  with  a  brief  presentation  by  Carol  Blair  on  polyacrylamide  gels  of 
radioimmune  precipitates  of  Japanese  encephalitis  virus  infected  cell  extracts.  The 
virus-specific  proteins  that  were  precipitated  exceeded  the  coding  capacity  of  the 
genome,  and  this  suggested  some  post-translational  processing.  Two  dimensional  peptide 
mapping  revealed  similarities  between  some  of  the  larger  and  smaller  peptides.  Pulse 
chase  experiments  suggested  some  chasing  of  material  from  the  larger  to  the  smaller 
peptides.  Generation  of  temperature-sensitive  mutants  has  not  resulted  in  the  isolation 
of  any  processing  mutants  thus  far. 

Eckard  Wimmer  stressed  the  importance  of  conf igurati ona''  arrangements  in  epitope 
mapping.  An  antigenic  site  may  consist  of  a  single  amino  acid  sequence  that  can  fold  in 
different  conf igurations.  Each  configuration  in  turn  may  represent  a  separate  epitope 
of  that  antigenic  site.  Some  individuals  believed  that  a  single  critical  site  or 
epitope  is  involved  in  virus  neutralization,  while  others  believed  that  virus 
neutralization  was  a  more  complex  phenomenon.  Donald  Burke  had  shown  with  monoclonal 
antibodies  that  more  than  one  epitope  was  involved  in  potent  serotype-specific 
neutralization.  Monoclonal  antibodies  directed  against  epitopes  found  on  several 
different  flaviviruses  were  also  very  effective  in  neutralization  reactions.  E.  G. 
Westaway  reminded  the  group  that  he  had  introduced  the  concept  of  "variable  critical 
areas"  in  his  anaylsis  of  the  mechanisms  of  flavivirus  neutralization. 

Michael  Brandriss  questioned  the  practical  use  of  the  term  non-neutralizing  antibodies, 
pointing  out  that  some  monoclonal  antibodies,  while  failing  to  produce  neutralization  of 
a  virus  in  cell  culture  assays  nevertheless  conferred  protection  when  the  same  virus- 
antibody  mixtures  were  assayed  in  mice. 

Gerald  Cole  was  interested  in  the  report  on  neutralization  of  heterologous  viruses  by 
monoclonal  antibodies  which  failed  to  neutralize  the  homologous  virus.  Walter  Brandt 
said  that  a  number  of  people  had  obtained  similar  results,  and  perhaps  they  were  the 
consequence  of  the  stimulation  of  antibodies  against  a  minor  epitope  in  the  immunizing 
virus  reacting  with  the  same  epitope  which  was  more  accessible  on  a  closely  related 
virus  for  a  neutralization  reaction. 

James  Porterfield  commented  that  the  antigenic  analysis  of  the  flaviviridae  could  bo 
likened  to  the  complexity  of  the  Salmonellae  in  which  group-specific  antigens  and  type- 
specific  antigens  contribute  to  the  specificity  of  individual  members.  However,  with 
flaviviruses,  the  group-specific  epitopes  were  not  necessarily  the  same  chemical 
structures  for  all  members  of  the  family.  There  was  evidence  that  monoclonal  antibodies 
could  detect  cross  reactions  between  different  flaviviruses  which  were  widely  separated 
on  the  basis  of  serological  tests  with  conventional  polyclonal  antibodies.  He  also 
stressed  the  need  to  use  a  wider  panel  of  flaviviruses  when  categorizing  monoclonal 
antibodies  as  type  specific  or  cross  reactive. 


III.  Future  Vaccine  Strategy 


^  CURRENTLY  AVAILABLE  VACCINES  FOR  JAPANESE  ENCEPHALITIS,  AND  FUTURE 
RESEARCH 


AUTHORS:  Shope 

ADDRESS:  Arbovirus  Research  Unit,  Box  3333,  New  Haven,  CT  06510 

TELEPHONE:  203/785-4821 

There  are  currently  available  both  inactivated  and  live  attenuated  vaccines  for 
Japanese  encephalitis.  The  inactivated  vaccines  have  been  used  in  Japan,  China, 
Taiwan,  and  Korea  for  over  two  decades.  The  attenuated  vaccines  are  still 
experimental  for  human  use,  but  have  been  used  extensively  to  immunize  horses  and 
swine . 

Formalin  inactivated  vaccines  produced  in  Japan,  Taiwan,  and  Korea  utilize  the 
Nakayama  strain  grown  in  brains  of  mice  3  to  4  weeks  of  age.  Basic  myelin  protein  is 
removed  by  protamine  and  sucrose  density  centrifugation.  These  vaccines  are  safe  and 
efficacious.  Recent  studies  in  Japan  indicate  that  there  are  antigenic  differences 
among  Japanese  encephalitis  strains,  the  strains  falling  into  two  groups.  A  bivalent 
vaccine  including  both  Nakayama  and  Bei jin-1  strains  protects  mice  against  both  groups 
of  virus. 

Formalin  inactivated  vaccine  produced  in  China  utilizes  primary  hamster  kidney  as 
substrate  and  human  albumin  as  stabilizer.  There  are  production  facilities  in  6  major 
regions  of  China.  The  facility  in  Shanghai  alone  produces  approximately  40,000,000 
doses  per  year. 

Live  attenuated  Japanese  encephalitis  vaccines  have  been  developed  for  human  use 
in  China  by  multiple  passages  in  primary  hamster  kidney,  and  also  by  U-V  mutagenesis, 
passage  in  mice  and  chick  embryo  culture,  and  clonal  selection  for  avirulence  for 
mice.  There  are  at  least  3  candidate  vaccines,  all  derived  from  the  SA  14  parent 
virus.  Neutralizing  antibody  response  in  children  to  the  attenuated  viruses  has  been 
variable.  The  seroconversion  rates  were  higher  in  both  swine  and  human  beings  with 
vaccines  of  higher  titer.  There  was  85  to  96  per  cent  protection  in  children 
receiving  the  5-3  vaccine;  antibody  persisted  over  a  year.  The  attenuated  vaccines, 
where  tested  do  not  replicate  well  in  mosquitoes,  are  small  plaque,  and  not  ts.  A 
major  impediment  to  their  use  is  the  difficulty  maintaining  the  cold  chain  in  China. 

Future  JE  vaccine  research  is  needed,  both  for  improvement  of  conventional 
vaccines,  and  for  development  of  new  approaches.  Comparative  field  trials  of  existing 
vaccines  from  different  countries  and  additional  studies  of  low-passage  field  strains 
for  antigenic  variation  are  needed.  Improved  adjuvants  could  markedly  increase  the 
efficacy  of  the  inactivated  vaccines.  Almost  nothing  is  yet  known  about  the  mechanism 
by  which  Japanese  encephalitis  viruses  manifest  attenuation. 

New  approaches  include  subunit  vaccines  produced  by  recombinant  DNA  technology, 
use  of  vaccinia  as  a  vector,  and  as  yet  untried  methods  to  deliver  vaccine  to 
amplifying  hosts  such  as  swine  and  birds. 


IITLE: 


Modernisation  oi  Yellow  Fever  Vaccine 


AUTHORS  ;  Thomas  l> .  Monath,  M.I). 


iVDURESS:  ’'Division  of  W'c  t  or  -  Horne  Viral  Diseases,  Centers  for  Disease  Control, 
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Yellow  fever  17D  vaccine  is  stLll  produced  in  embryonated  chicken  eggs 
according  to  methods  established  40-45  years  ago.  Although  the  vaccine  is 
extremely  safe  and  highly  effective,  a  number  of  problems  exist,  including: 

(1)  thermal  instability  and  short  shelf  life;  (2)  limited  stockpiles  and  emer¬ 
gency  production  capability;  (3)  residual  neurovirulence,  limiting  use  in  children 
under  1  year  of  age;  (4)  contamination  of  many  products  with  avian  leukosis 
virus;  (5)  relatively  high  cost;  and  (6)  heterogeneity  of  vaccines  in  terms 
of  substrain  and  passage  history,  RNA  fingerprints,  and  plaque  subpopulations. 

Three  strategies  may  be  pursued  for  improvement.  One  of  these,  moderni¬ 
zation  of  equipment  and  increased  efficiency  of  production  under  present  manufac¬ 
turing  methods,  is  already  underway  is  some  institutes.  The  second,  development 
of  a  cell  culture  vaccine,  has  been  repeatedly  discussed  by  panels  of  experts 
at  PAHO/WHO,  and  offers  a  number  of  advantages.  Foremost  among  these  are 
(L)  the  well-documented  effective  and  long-lasting  protective  response  induced 
by  live  attenuated  17D  vaccine  and  (2)  tiie  possibility  that  virus  yields  in 
cell  cultures  will  be  up  Co  100  times  those  in  eggs.  The  present  availability 
of  genetic  markers,  especially  sequence  analysis  of  the  viral  genome,  and  of 
motujclonal  antibodies  should  simplify  vaccine  development  and  quality  control. 
Studies  of  the  molecular  basis  for  and  eventual  elimination  of  genetic  hetero¬ 
geneity  and  neurotropism  should  probably  be  pursued  as  a  separate  area  of  research. 

The  third  approacli  would  harness  biotechnological  methods  for  the  production 
of  an  ant  lg,en  ica  1 1  v  defined  subunit  vaccine  in  an  appropriate  expression  system 
or  the  incorporation  of  yellow  fever  viral  genes  in  a  vector,  such  as  vaccinia. 
Given  the  rapid  recent  developments  in  our  understanding  of  the  gene  organization 
of  yellow  fever  17D  virus,  it  seems  appropriate  to  pursue  the  feasibility  of 
this  approach  to  a  third  generation  vaccine. 


''d'nril  October  1985:  Gca  s  t  roen  t  e  r  o  1  ogv  Unit,  Massachusetts  General  Hospital, 

Boston,  MA  02114  (617)  726-3766 
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Each  of  the  live-attenuated  vaccine  candidates  for  dengue  (i'tili)  1  ,  2,  and  < 

re  selected  on  the  basis  of  laboratory  and  animal  markers  tlnu  vere  as-  ciated  with 
tenuation.  These  included  small  plaque  size,  temperature  sens  i  t  i  v  i  t  v  ,  rtciuLLd  reiili- 
tion  in  monocyte  cultures,  and  reduced  replication  in  moscju  i  toes ,  :v,  i  i  e  and  runikLYs. 
ch  of  the  cloned  vaccine  strains  were  found  to  be  different  1  ror.  nivi-a  t  t  enua  t  ed  parent 
ruses  by  each  of  these  criteria.  Although  the  three  vaccine  carniidates  w.,re  si-ilm- 
these  criteria,  the  human  response  varied  considcrab  1  v .  Clini.  al  s'/mptoras  r.MDa! 
om  mild  to  severe  and  seroconversion  was  not  predictable,  especial !v  in  vi  I  1  w  tever 
a-immunes.  These  results  indicated  that  the  markers  used  for  n.e  isuritu;  attirniatien 
re  inadequate  to  predict  the  human  response  to  vaccination.  Add i t i ona 1 1 v ,  tie  rhesus 
nkey  was  not  a  good  animal  model  for  dengue  disease;  clinical  dengut^  fi'VL  r  .  r  mere 
vere  forms  of  dengue  are  not  reproducible  in  this  animal. 

In  all  three  cases,  the  vaccine  strains  were  prciduced  after  multiple  pi-,s,ive  .ni-i 
oning  in  mammalian  cell  cultures.  The  accumulation  of  genetic  mut.it  ie-is  iitrini- 
ssage  resulted  in  a  virus  with  reduced  infectivity.  Althouuh  ser-e  ,e!:  .uiture  .  a  1 1 ew 
troduction  of  mutations  more  predictably  than  others,  there  is  iie  on..  "  .  -ler;"  oi 

11  culture  passage  that  will  yield,  after  a  series  of  vi;.:--  piss, '.viii)  all 

the  characteristics  required  for  human  vaccination. 

A  more  systematic  approach  to  designing,  a  !a -.a,,  in,  vitas  1  ‘.i  r  first  m.ap 

e  genome  of  the  viral  R.N'A  t<  gain  i  n )  ,  >r -m  1  i  ■  a;  on  g...  lu  '  at  ia.i-.  :  -an.  tion.  Ihis 
uld  be  followed  by  si  t  e-tl  i  r..  c  t  etl  mutagenesis  in  .me  .'r  rtr.  isa'.  ii,,  r.sultant 

rus  clones  would  then  be  screened  by  ail  of  the  1  abor.i  t  or  .■  a;  ■:  .•  ,]  ::,,r„,.rs  .i\Mil- 

le  that  could  predict  attenuation.  The  currently  usi  .1  mairar-  ,  i  ■■  t,  i  iho'.a  ,  are 
adequate  for  predicting  a  human  vaccine  response.  Thcr..‘ior.  aw  ■■  ir,-.,  r,-  will  liavw  t<’ 
developed  or  human  testing  must  be  accelerated  if  tb.is  .  .m  !.,■  .  -('i’ad.  with  a.iec;uate 

f  ety . 

Another  approach  to  live  DEN  vaccination  would  be  to  us,.  1;,  '.iia.itv  su.,  w  lss  :  i  I 
ve  vaccine,  such  as  the  yellow  fever  17D  strain,  th.it  ccuiid  hw  ...w  liL.allv  r.:,;n  ipu  1  al  id 

contain  DEN  immunogenic  epitopes.  This  would  entail  subsi  i  tut  i  nw  .all  ,r  'p.irt  of  tlu 

Jor  envelope  gl  vcoprotein  of  YF  with  that  of  DEN  vi.i  rccomh  in.io. t  toc'ai  i.pios  and 
raining  a  virus  with  the  replication  characteristics  of  YE  atui  th.  , un  i  itiai  i  c  sp.ci- 
city  of  DEN.  Other  viruses  such  as  adenovirus  and.  vaccinia  cmild.  j.,-  usL'd.  as 
cipients  for  DEN  antigen  genes  as  long  as  the  attenuation  char.ae  t  cr  i  st  i  cs  o;  t  tie- 
cipient  virus  was  not  changed  to  any  great  degree  and  DEN  antigens  wart  e:;nrtssc  .i 
r  stimulation  of  an  immune  response.  Using  tiiese  recombinant  v-it  f  i  iitcs  ,  entina’ 

N  imrrune  responses  may  be  obtained  without  having  to  be  conetriie.l  i  i  h  clinica.l 
cc  ine-re  lated  DEN  disease. 

For  the  development  of  non-inf  ec  t  ious  DEN  vaccines,  expression  iir.unogenic 
oteins  in  bacteria,  yeast,  or  mammalian  cells  would  be  required  -is  .a  first  step, 
quencing  and  gene  mapping  are  not  absolutely  required  for  this  tvpe  of  v.u-cint',  but 
order  to  identify  neutralization  epitopes,  .and  to  svnthesize  ti'est'  proteins,  this 
uld  become  necessary.  This  class  of  vaccines  would  not  require  tl,  si;,e  tyngs  of 
sts  neet^ed  for  live  vaccines  prior  to  human  testing  and  the  er;pliasis  would  i.e  on 
monstrating  an  adequate  immune  response. 


Finally,  how  will  the  new  generation  of  vaccines  fair  in  light  of  current  and 
osed  Federal  regulations?  In  order  to  begin  human  clinical  trials  of  these 
ucts,  the  FDA  has  to  review  data  on  the  history,  safety,  production  and  efficacy 
he  proposed  vaccine.  As  in  the  past,  a  master  cell  bank  that  is  fully  characterized 
tested  for  adventitious  agents  is  the  cornerstone  of  production.  Whether  the  cell 
acterial,  yeast,  or  mammalian,  the  same  criteria  is  applied.  If  an  expression 
or  is  introduced  into  the  cell,  then  it  will  be  required  that  the  vector  be 
acterized  as  well  as  the  vector-host  cell  combination.  Expressed  gene  products 
be  purified  and  assayed  to  demonstrate  freedom  from  protein  and  nucleic  acid 
amination  using  in  vitro  and  animal  assays.  New  Federal  regulations  are  being 
osed  so  that  IND  submissions  for  new  biologicals  will  be  facilitated  to  expedite 
lical  research  studies. 
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An  expected  immediate  outcome  of  the  cloning  and  sequencing  of  the  dengue  genome 
will  be  the  improved  characterization  of  the  dengue  virus  molecular  structure. 

Currently  available  diagnostic  tests  have  been  inadequate  to  resolve  important  epidemi¬ 
ological  issues  related  to  the  pathogenesis  of  dengue  hemorrhagic  fever.  This  precise 
molecular  characterization  of  dengue  viruses  is  therefore  of  critical  importance  for 
development  of  a  new  generation  of  diagnostic  tests,  as  well  as  providing  a  molecular 
basis  for  a  rational  approach  to  second-generation  vaccines. 


3 


There  was  general  agreement  that  lack  of  understanding  of  virtually  all  aspects  of 
dengue  virus  attenuation  prevents  development  of  a  rational  strategy  for  selection  of 
attenuated  virus.  Both  the  clonal  selection  and  serial  passage  methods  are  empirical. 
Tests  in  man  are  virtually  the  only  reliable  marker  of  adequate  attenuation  (although, 
to  date,  small  plaque  size  and  temperature  sensitivity  might  be  correlated).  This  being 
the  case,  the  Committee  recommended  that  efforts  be  made  to  characterize  successful  and 
unsuccessful  vaccines.  These  include:  fingerprinting  all  vaccine-parent  pairs,  and 
studies  on  permissive  host  cells  for  vaccine  versus  parental  virus  replication.  Greater 
advantage  may  be  made  of  in  vitro  infection  of  human  monocytes,  and  studying  differences 
in  replication  kinetics.  Comparative  studies  of  the  S-1  and  Mahidol  University  dengue-2 
vaccines  in  an  identical  host  population  may  be  necessary  to  determine  if  there  are 
important  differences  in  reactogenicity  and  immune  responses.  Studies  on  the  composi¬ 
tion  of  passage  selection  vaccines  should  be  done. 

RECOMBINANT  DNA  TECHNOLOGY  AS  AN  APPROACH  FOR  PRODUCING  DENGUE  VACCINES: 

BACKGROUND : 

Cloning  and  sequencing  of  a  flavivirus  genome  has  been  accomplished  by  Rice  et  al. 
using  yellow  fever  virus.  Some  work  has  been  done  with  St.  Louis  encephalitis  at  Fort 
Collins,  Colorado.  The  genes  coding  for  the  structural  polypeptides  of  flavivirus 
virions  are  located  at  the  5*  end  of  the  positive  sense  RNA  genome.  Insertion  of  this 
region  of  the  yellow  fever  genome  into  vaccinia  virus  has  resulted  in  expression  of 
antigens  that  have  been  detected  by  reference  yellow  fever  antibodies  in  hyperimmune 
mouse  ascitic  fluid.  It  is  not  yet  known  if  protective  antibodies  could  be  produced 
in  vivo  by  this  method. 

The  Steering  Committee  recommends  that  SAGE  encourage  applications  from  labora¬ 
tories  having  appropriate  expertise  to  assist  WHO  in  applying  recombinant  DNA  technology 
to  dengue  fever  virus  vaccine.  Other  flaviviruses  would  be  acceptable  (e.g. ,  Japanese 
encephalitis)  if  they  would  facilitate  development  of  dengue  vaccines. 

FiECOt-lMENDATIONS : 

1.  Cloning  and  sequencing  of  the  entire  genome  of  each  of  the  four  serotypes  of 
dengue  virus. 

2.  Expression  of  the  clones  in  replicating  vectors. 

3.  Use  of  monoclonal  antibodies  to  detect  the  desired  epitopes  or  antigens. 

4.  Trial  infection  of  animals  with  vectors  to  determine  if  antibodies  are 
produced  in  vivo. 

5.  Generation  of  additional  monoclonal  antibodies  to  serotypes  1,  3,  and  4  that 
will  identify  antigens  that  will  induce  neutralizing  or  other  antibodies  that  will  be 
protective. 

6.  Use  of  nonstructural  antigens  as  vaccines,  since  at  least  one  nonstructural 
antigen  (GP  48)  appears  to  induce  protective  antibodies. 
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The  Thai  dengue-1  candidate  vaccine  virus  has  been  passaged  43  times  in  PDK  cells, 
is  temperature  sensitive,  and  doesn't  replicate  in  monocytes  in  vitro.  Because  of  the 
satisfactory  results  with  the  Thai  dengue-2  vaccine  prepared  in  PDK  cells,  the  dengue-1 
candidate  should  be  tested  in  man. 

The  U.S.  dengue-3  live  virus  vaccine  candidate  has  been  passaged  and  plaque  puri¬ 
fied  in  C6/36  Aedes  albopictus  cell  culture.  Passage  in  C6/36  cells  resulted  in  small 
plaque  forming,  temperature  sensitive  virus.  Final  passages  were  performed  in  certi¬ 
fied  fetal  rhesus  lung  cells.  The  production  seed  has  passed  neurovirulence  safety 
testing  in  monkeys,  and  the  vaccine  (produced  by  additional  passage)  induced  HI  and  N 
antibodies  in  monkeys.  The  virus  was  not  as  stable  (in  terms  of  infectivity)  as  the 
other  serotypes,  and  additional  stabilizers  were  required  to  maintain  the  vaccine  strain 
infectivity. 

The  Thai  dengue-3  candidate  vaccine  virus  was  passaged  through  T.  ambionensis 
mosquitoes,  and  found  not  to  replicate  in  PDK  cells.  Since  primary  green  monkey  kidney 
cells  (PGMK)  supported  replication  of  the  virus,  they  were  used  to  passage  the  virus 
50  times.  The  vaccine  candidate  is  a  small  plaque  forming  virus  that  induced  HI  and  N 
antibodies  in  monkeys,  and  is  avirulent  for  mice. 

The  first  U.S.  dengue-4  vaccine,  passaged  35  times  in  PDK  cells  and  twice  in  FRhL 
cells,  caused  seroconversion  in  only  2  of  5  volunteers.  Virus  recovered  from  the  two 
volunteers  who  seroconverted  exhibited  characteristics  of  the  vaccine  virus.  Because 
of  low  immunogenic ity,  this  virus  was  eliminated  from  further  consideration.  Dengue-4 
vaccine  viruses  currently  being  considered  are  (1)  a  50  PDK  passaged  virus,  and  (2)  a 
Caribbean  strain  of  dengue-4  virus  passaged  in  PDK  cells.  Prototype  dengue-4  antibodies 
do  not  neutralize  the  Caribbean  strain  as  well  as  Caribbean  strain  antibodies  neutralize 
the  prototype  virus. 

The  Thai  denque-4  vaccine  candidate  has  been  passaged  twice  through  Aedes  aegypti 
mosquitoes  and  then  43  passages  in  PDK  cells.  The  virus  produced  very  small  plaques, 
was  temperature  sensitive,  and  replicated  in  monocytes. 

DISCUSSION  OF  LIVE  VIRUS  VACCINE  STRATEGY: 

The  present  strategies  of  selecting  temperature  sensitive,  small  plaque  forming 
viruses  as  vaccine  candidates  has  produced  greatly  varying  results:  seroconversion 
with  some  symptoms,  low  rates  c  seroconversion,  or  severe  symptoms  associated  with 
unmodified  dengue  fever.  Whatever  the  reasons  for  this  variation,  these  characteristics 
have  not  had  predictive  value  for  the  success  of  a  vaccine.  It  was  proposed  that  simple 
virus  passage  in  PDK  cells,  as  was  done  with  dengue-2  virus,  will  produce  a  stable  virus 
that  is  sufficiently  attenuated  yet  immunogenic  in  humans.  It  remains  to  be  determined 
whether  this  approach  will  also  be  successful  with  the  dengue-1  and  dengue-4  candidate 
viruses  that  were  passaged  in  PDK  cells  in  Thailand.  Dengue-3  virus  apparently  does  not 
replicate  in  PDK  cells,  and  the  evaluation  in  humans  of  dengue-3  passaged  in  insect 
cells  (U.S.)  and  PGMK  cells  (Thailand)  has  vet  to  be  done. 


Three  proposals  have  been  approved  thus  far,  and  additional  ones  will  be  solicited 
through  advertisement  to  laboratories  having  capabilities  in  the  areas  to  deal  with  the 
strategies  recommended  at  the  end  of  this  report. 

REVIEW  OF  LIVE  VIRUS  VACCINES  AND  DISCUSSION  OF  LIVE  VIRUS  VACCINE  STRATEGY: 

The  Thai  dengue-2  live  virus  vaccine  was  prepared  by  50  passages  in  primary  dog 
kidney  (PDK)  cells.  Following  safety  testing  and  approval  for  human  trials,  the 
vaccine  was  inoculated  into  male  volunteers  in  North  Thailand,  where  very  few  Aedes 
aegyptl  and  limited  circulation  of  dengue  viruses  are  found.  Seroconversion  to  dengue- 

2  occurred  in  all  10  volunteers  without  significant  symptoms  (e.g. ,  no  fever;  some 
headache  [5/10],  eye  pain  [1/10],  and  mild  leukopenia  10  days  postinoculation). 
Neutralization  (N)  antibody  tests  with  all  four  dengue  virus  serotypes  on  sera  obtained 
at  30  days  exhibited  titers  which  were  specific  for  dengue-2  virus.  It  appeared  that 

3  of  the  10  volunteers  may  have  been  flavivirus  nonimmunes.  It  was  recommended  that 
more  virus  isolates  from  the  volunteers  be  obtained  and  characterized  to  fully  describe 
the  course  of  vaccine  virus  infection  in  humans,  as  well  as  to  determine  the  growth 
characteristics  of  the  isolated  viruses.  In  addition,  it  would  be  important  to  deter¬ 
mine  if  the  vaccine  virus  could  be  transmitted  by  mosquitoes. 

A  dose-response  experiment  will  be  done  next  to  determine  the  minimum  dose  of 
vaccine  virus  required  to  produce  seroconversion  in  volunteers.  This  vaccine  appears 
to  be  a  successful  candidate  for  testing  in  other  countries,  especially  where  infection 
enhancing  antibodies  produced  by  previous  flavivirus  infections  would  not  be  present  to 
react  with  the  vaccine  virus  to  increase  its  effectiveness.  Will  it  be  effective  in 
flavivirus  nonimmunes? 

The  WRAIR  dengue-2  vaccine  produced  in  fetal  rhesus  lung  cells  produced  mild 
symptoms  in  20%  of  the  recipients,  yet  viremia  occurred  at  a  later  time  in  the  recip¬ 
ients  than  the  Thai  vaccine.  There  was  90%  seroconversion  in  flavivirus  (yellow  fever 
vaccine)  immune  individuals  and  61%  in  nonimmunes.  The  yellow  fever  immunes  maintained 
their  N  and  hemagglutination- inhibition  (HI)  antibody  titers,  whereas  the  nonimmunes 
did  not  even  respond  by  HI,  and  lost  their  N  antibodies  by  6  months.  The  yellow  fever 
immunes  produced  IgM  followed  by  IgG,  whereas  the  nonimmunes  produced  very  little,  if 
any,  IgG  after  the  IgM  was  detected.  It  was  suggested  that  the  yellow  fever  antibodies 
made  the  vaccine  virus  more  efficient,  possibly  by  forming  infectious  immune  complexes 
that  entered  cells  (e.g.,  monocytes)  via  their  Fc  receptors.  The  virus  did  not  revert 
in  people  or  upon  passage  in  mosquitoes  infected  either  by  inoculation  or  by  feeding  on 
volunteers.  Vaccine  virus  did  not  infect  mosquitoes  as  efficiently  as  the  wild  virus. 

The  dengue-1  vaccine  candidate  produced  in  fetal  rhesus  lung  cells  in  the  United 
States  was  also  a  small  plaque  temperature  sensitive  virus,  but  it  produced  unmodified 
dengue  fever  in  the  first  two  volunteers  and  was  eliminated  from  further  testing.  For 
this  virus,  these  laboratory  markers  served  no  predictive  value  in  terms  of  attenuation 
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BACKGROUND : 

WHO  has  agreed  to  assist  in  coordinating  the  efforts  of  many  laboratories  working 
on  new  methods  for  vaccine  development.  Dengue  fever  is  one  of  five  major  infectious 
disease  problems  of  bacterial  or  viral  origin  of  interest  to  SAGE.  WHO  has  acquired 
funds,  and  is  continuously  seeking  additional  funds,  to  increase  the  rate  of  progress 
and  to  mobilize  the  efforts  of  existing  laboratories  having  ongoing  programs  contrib¬ 
uting  to  vaccine  development.  Other  areas  of  interest  would  be  the  testing  of  new 
vaccines  and  the  transfer  of  new  technology  to  developing  countries. 

PROBLEM: 

Live  virus  vaccine  development  for  the  four  serotypes  of  dengue  fever  virus  has 
been  very  difficult,  and  experimental  vaccines  exist  only  for  dengue  type  2. 

PROGRESS : 

The  first  meeting  of  the  Dengue  Steering  Committee  in  February  1984  (Bangkok) 
considered  second-generation  dengue  vaccines  that  could  be  created  from  recombinant 
DNA  technology.  (Live  virus  vaccine  work  would  continue  to  be  evaluated) .  The  Steer¬ 
ing  Committee  recommended  that  (1)  replicating  immunogens  will  probably  be  needed  for 
long-lasting  protection;  (2)  a  tetravalent  vaccine  would  be  desirable  because  of 
possible  sensitization  by  one  serotype  vaccine  causing  more  severe  disease  with  other 
serotypes  of  dengue;  and  (3)  infants  may  not  be  immunized  before  6  months  of  age 
because  of  maternal  antibody. 

Of  the  approaches  listed  in  the  committee  report,  SAGE  expressed  interest  in 
(1)  biochemical  definition  of  epitopes,  with  attention  being  directed  at  those  involved 
in  neutralization  and  enhancement;  (2)  cDNA  to  obtain  genes  coding  for  the  envelope 
glycoprotein  and,  if  possible,  specific  epitopes;  (3)  consideration  of  self-replicating 
vectors;  and  (4)  clone  serologically  related  17D  vaccine  yellow  fever  virus,  since  it 
might  be  possible  to  use  it  as  a  vector.  In  addition,  comparisons  of  the  genomes  of 
wild  and  vaccine  yellow  fever  viruses  should  help  reveal  the  molecular  basis  for 
virulence  or  attenuation. 
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Reviews  of  the  advantages  and  disadvantages  of  existing  and  experimental  vaccines 
highlighted  this  session.  Antigenic  variation  necessitating  multivalent  vaccines  can 
pose  a  problem,  as  illustrated  by  current  Japanese  encephalitis  virus  vaccines.  Even 
safe  and  effective  vaccines  of  long  standing,  such  as  the  yellow  fever  17D  vaccines, 
still  have  stability  and  shelf  life  limitations  as  well  as  problems  associated  with 
the  production  of  large  amounts  of  vaccine  on  short  notice.  Experimental  live- 
attenuated  dengue  vaccine  candidates  that  were  selected  on  the  basis  of  laboratory  and 
animal  markers  have  now  been  tested  in  humans.  The  human  response  varied  considerably 
suggesting  that  presumed  markers  of  attenuation  were  not  absolute  and  multiple  host 
factors,  including  pre-existing  flavivirus  immunity,  play  a  major  role  in  determining 
infection  and  immunization  with  live  virus  vaccines. 

A  vigorous  discussion  of  the  potential  molecular  approach  to  flavivirus  vaccines 
resulted  in  the  opinion  that  the  only  valid  markers  of  a  live  virus  vaccine  response 
in  humans  were  obtained  by  testing  in  humans.  Dr.  Scott  Halstead  "challenged"  the 
molecular  virologists  to  put  their  technology  to  work  deciphering  genetic  markers  of 
attenuation,  or  alternatively,  determinants  of  virus  virulence.  Such  experiments  may 
prove  difficult  because  where  virulent-attenuated  virus  pairs  exist  (such  as  with 
virulent  yellow  fever  and  the  attenuated  17D  vaccine) ,  many  genotypic  and  phenotypic 
changes  unrelated  to  virulence  are  expected. 

The  application  of  molecular  "state-of-the-art"  technology  to  the  problems  asso¬ 
ciated  with  flavivirus  vaccine  development  was  expressed  as  a  concluding  consensus.  A 
more  systematic  approach  to  flavivirus  vaccine  research  combining  both  molecular  and 
classical  methodology  predicts  success, and  much  of  tlie  collaboration  required  was 
initiated  at  this  International  Workshop  on  the  Molecular  Biology  of  Flaviviruses . 

This  must  be  intended  for  "general"  consumption. 


rP.ESENTATION  OF  THE  IMMUNOGEN 

In  order  for  a  protein  molecule  to  efficiently  initiate  the  immune  response,  it  is 
essential  that  it  is  presented  correctly,  so  that  all  the  components  of  the  immune 
system  are  stimulated®.  Several  cells  can  act  as  antigen  presenting  cells,  but  the 
most  important  is  the  macrophage.  Macrophages  preferentially  take  up  proteins  in  a 
pol^oneric  form  and  this  observation  correlates  with  the  known  poor  immunogenic ity  of 
many  viral  protein  monomers,  compared  to  their  high  immunogenic ity  as  polymers  or 
within  virus  particles.  In  order  for  the  macrophage  to  present  the  protein  antigen, 
it  is  first  adsorbed,  then  "processed"  and  finally  oriented  on  the  plasma  membrane 
in  association  with  the  correct  antigens  coded  by  the  MHC  complex.  Therefore, 
potential  immunogens  should  be  polymeric  and  have  a  structure  capable  of  being  oriented 
correctly  in  the  macrophage.  In  addition,  they  should  contain  sequences  which 
allow  correct  macrophage  processing  and  association  with  antigens  of  the  MHC  complex. 

INTERACTIONS  WITH  HELPER  T  CELLS 

The  helper  T  cells  are  essential  components  in  the  immune  system  as  they  not  only 
control  the  activity  of  other  T  cells  but  also  stimulate  the  antibody-producing 
B  cells.  In  addition,  helper  T  cells  also  are  involved  in  determining  which 
antigenic  determinants  are  dominant.  As  the  helper  T  cell  binding  region  has  been 
shown  for  some  proteins  to  be  different  from  that  of  antibody  binding,  this 
additional  component  must  also  be  included  in  an  immunogenic  molecule. 

UNDESIRABLE  CHARACTERISTICS 

As  suppressor  T  cells  can  greatly  reduce  the  immune  response  to  an  immunogen,  the 
determinants  which  recognise  them  should  obviously  be  removed  from  the  immunogen. 
Similarly  determinants  which  induce  immune  enhancing  antibodies  should  also  be 
avoided.  This  is  of  particular  importance  if  these  determinants  are  also  found 
on  other  similar  viruses.  Finally,  regions  of  the  molecule  which  infer  thermal 
instability  or  lead  to  proteolytic  degradation  could,  at  least  in  theory,  be 
removed. 

CONCLUSIONS 

1)  Future  vaccines  against  RNA  viruses  should  be  derived  from  genetic  material 
based  on  DNA. 

2)  Good  immunogens  are  complex  polymeric  molecules  with  several  functions. 

3)  Recombinent  DNA  technology  should  be  able  to  construct  such  molecules  with 
all  the  necessary  functions  while  removing  those  with  undesirable  properties. 
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During  the  last  few  years,  major  developments  in  immunology  and  molecular  Viiolofg.’ 
have  enabled  new  methods  to  be  developed  for  the  production  of  vaccines  against 
viral  diseases  and  have  also  facilitated  an  understanding  of  what  should  be  required 
of  a  good  immunogenic  vaccine  preparation.  This  presentation  will  concentrate  on 
two  aspects  of  vaccine  design.  Firstly,  the  inherent  genetic  instability  of  PD’A 
molecules;  and  secondly,  the  structural  criteria  that  a  potential  vaccine  should 
meet  in  order  to  accurately  and  efficiently  stimulate  the  hosts  imm.une  response. 


GEUETIC  INSTABILITY  IN  RNA  GENOMES 

All  RKA  viruses  (with  the  exception  of  those  employing  a  reverse  transcrintase) 
can  only  replicate  by  asymmetric  transcription  from  a  single  strand.  They  are  thus 
denied  most  of  nroof-reading  mechanisms  available  to  DWA  molecules  for  correct i nr 
errors  during  polynucleotide  chain  elongation.  The  transcriptional  error  rate  for 
the  bacteriophage  phage  QB  has  been  calculated  at  3  x  10“**  and  compared  to  that  of 
10“'’  -  10~^®  obtained  from  DNA  phages^.  Assuming  no  corrective  features,  these 
figures  imply  that  for  a  genome  of  U.5  kb  (e.g.  QB)  only  25'’^  of  the  molecules  are 
error  free.  When  protein  mutation  rates  for  RNA  viruses  have  been  calculated'  . 
an  overall  mutation  frequency  of  10“^*^  has  been  calculated.  This  means  that  for 
the  "average”  RNA  virus  with  a  10  kb  genome,  over  10%  of  all  orogeny  carry  a 
mutation.  However,  such  high  mutation  rates  lead  to  the  absurd  conclusion  that 
R’JA  viruses  emerged  only  after  the  Second  World  War!  Most  probably  RNA  viruses  can 
change  ver\'  rapidly  but  usually  oscillate  their  genetic  material  around  an  average 
RNA  sequence. 


RNA  MUTATION  DURING  PERSISTENT  INFECTIONS 

All  live  attenuated  virus  vaccines  depend  on  their  ability  to  renlicate  in  the  host 
in  order  to  produce  an  immune  response.  Furthermore,  the  longevity  of  this  response 
may  well  depend  on  the  ability  of  the  vaccine  strain  to  induce  a  persistent 
infection  in  the  host.  However,  several  studies  have  demonstrated  that  mutation  rat 
.’.mq-  be  accelerated  during  persistent  viral  infections^. 


IMPLICATIONS  OF  RAPID  EVOLUTION  FOR  VACCINE  DESIGN 

A  epenetically  unstable  genome  could  have  far  reaching  effects  on  the  efficacy  and 
safety  of  convent'' oral  vaccines  against  FilA  viruses,  “or  example,  attenuated  strains 
could  revert  to  neurovirulence  as  has  been  demonstrated  for  roliovirur/*  .  Avoidance 
of  trio  Immune  system,  through  antigenic  change,  induction  of  supnressor  cnito-nes  and 
Immune  enhancement  epitopes  could  also  result.  Moreover,  a  change  in  orrnn  tropism 
could  result,  such  as  observed  for  measles  virus  in  SSPF. 


THL  RMPP'OTUPE  QF  THF  ANTIBODY  BINDING  SITE 

One  of  the  decisions  in  determining  the  design  of  a  new  vaccine  is  wiietlier  to  leasi' 
that  design  on  native  protein  molecules  or  synthetic  peptides  recresenting  antiiiody 
site.s.  A  key  feature  in  the  decision  is  whether  the  topological  confirmation  of  tha 
site  is  sequentially  or  spacially  determined.  The  detailed  antigenic  structure  of 
several  proteins  has  been  recently  reviewed^,  and  the  general  consensus  scem.s  to  be 
that  some  sites  are  sequential  in  nature  and  others  are  conformational. 
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